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FOREWORD

To establish requirements for a terminal sterilization treatment, the burden
of microbiological contaminants on a totally assembled capsule must be
estimated. 1In addition, a technology for verifying the effectiveness of a
final sterilization process and for monitoring the sterility of a capsule
after the temminal sterilization cycle had to be developed. In Task 11, an
approach to the establishment of such requirements, related to the use of a
prototype capsule (CMTM) undergoing assembly/disassembly in the microbiolog-
ically-controlled environment(s) provided by the SADL facility at JPL, was

evolved and documented.

The accomplishment of this Tésk required the integration of microbiological,
biochemical, operations analysis, and statistical capabilities. This muilti-
disciplined effort largely involved evaluations and extrapolations of data
derived from literature studies of spacecraft biological burdens, assay
techniques, and assembly Procedures; rather than from laboratory studies,

which were limited in this Task.

The eight sub-tasks which were specified in the work statement for Phase IT
were presented as separate entities with one exeption; each of the sub-tasks
had its own objective. Because sub-tasks d and e all involved the study of
methods for estimating surface burden on the CMIM during various assembly/
disassembly stages in the SADI, facility, the results for these sub-tasks

were incorporated into a single part of the report.
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To avoid confusion, it should be noted that, for Task implementation, the

lettering system used to identify the sub-tasks in the work statement for

Phase IT was slightly altered. In the following list, current sub-task

letters (per this report) are listed with the appropriate sub-task titles.

The list further identifies by number that part of the report that covers

each sub-task.

The evaluation of microbial techniques for determining

surface burden. (Part 1)

The estimation of the microbial load on the CMIM subsystem

assemblies prior to TA and/or FA cycles. (Part 2)
The estimation of the microbial load and verification of
sterility on CMTM subsystem assemblies after TA and/or FA cycles.

(Part 3)

The estimation of the microbial load at any particular stage of

assembly of the CMIM. (Part L)

The estimation of the microbial load on the assembled CMTM

prior to terminal sterilization. (Part u)

The development of procedures necessary for verifying sterility

of the assembled CMIM. (Part 5)




The development and evaluation of procedures necessary to monitor

the sterilized CMMM to insure noncontamination. (Part 6)
The development and proposal of the microbiological organizational

structure necessary to implement and operate the microbiological

monitoring and assay of the CMIM assembly. (Part 7)
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ABSTRACT

PART 1
EVALUATION OF TECHNIQUES FOR DETERMINING SURFACE BURDEN

An evaluation of swab, Rodac, 1ift-off, rinsing, and washing
techniques as a means of determining surface burden was conducted.
An analysis of the results indicated that the washing technique
utilizing a surfactant reagent was the most efficient method for

determining microbiological surface burdens under the given experi-
mental conditions.

PART 2

ESTIMATION OF THE MICROBIAL LOAD ON THE CMTM
SUBSYSTEM ASSEMBLIES PRIOR TO T.A. AND OR F.A. CYCLES

A detailed approach is presented for estimating the microbial
burden on the various CMIM subsystem assemblies. References are cited
in substantiation of applied estimation techniques. The total number
of micropes on the entire CMTM before T.A./F.A. is estimated to be
k.l x 10°. Suggestions are made for improving sterilization procedures
and for improving assay techniques.

PART 3

ESTIMATION OF MICROBIAL LOAD AND VERIFICATION OF STERILITY
ON CMIM SUBASSEMBLIES AFTER T.A. AND/OR F.A. CYCLES

The probabilities of sterility for the various CMTM subassemblies
following FA and/or TA Sterilization cycles are presented.

The impact limiter and the parachute in its container cannot be
sterilized by the F.A. cycle or the T.A. cycles. These subassemblies
will require an additional sterilization (pre-sterilization) operation.
All other subassemblies are sterilized to a high degree of probability
by both the F.A. and the T.A. cycles.

PART 4

ESTIMATION OF MICROBIAL LOAD AT ANY STAGE OF CMTM
ASSEMBLY, AND ON THE ASSEMBLED CMTM

This part presents the development of techniques, procedures, and
plans providing for estimation of microbial load upon the CMTM at any
particular stage of assembly, and prior to terminal sterilization. It
includes the results of the several tasks leading up to and relating to
the development of the burden estimation procedures. Statistical veri-
fication and an analysis plan also appear.
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PART 5

DEVELOPMENT OF PROCEDURES NECESSARY FOR VERIFYING
STERILITY OF THE ASSEMBLED CMTM

This part provides an approach for the sterility verification of
the CMTM following the NASA Planetary Quarantine guide lines. The
approach selected fundamentally consists of three phases. First, the
determination of the biological burden as the CMTM is sealed in the
sterilization canister; second, exposure of the CMIM to a dry heat
sterilization cycle; and third, verification that all parts of the
CMIM experienced the required temperature for the requisite period of
time to guarantee the required probabllity of sterility. Each phase of
this approach requires rigorous controls, documentation and Quality
Assurance verification. To determine if the CMIM has experienced the
heat required for the necessary period of time, the use of 39 thermo-
couples as well as a chemical indicator (Alkaline Phosphatase ) is
recommended.,

PART 6

DEVELOPMENT AND EVALUATION OF PROCEDURES
TO MONITOR THE STERILIZED CMTM

The task of identifying candidate techniques to guarantee the
integrity of the sealed sterilization canister containing the sterilized
CMIM was investigated.

The present candidate technique is to seal off the HEPA filter
after attaining ambient temperature by placing a rubber cap over the
HEPA filter housing to reduce the known leak rate of the canister. A
sterile inert partial atmosphere may then be impressed in the internal
canister. As long as a certain maximum inert partial atmosphere above
atmospheric pressure is maintained and monitored by inlet and outlet
gauges, the sterility of the CMTM is guaranteed.

PART 7

FROPOSED MICROBIOLOGICAL ORGANIZATION
FOR CMIM ASSEMBLY OPERATIONS

An organizational structure for the CMTM Assembly Operations has
been developed where prime responsibility for on time performance,
according to an Assembly Operations Plan, is vested in the Assembly
Operations Manager supported by the Facilities, Microbiological and
Quality Assurance Groups. The detailed relationships between the
Microbiology Group and the other Groups are identified particularly
for future CMIM Assembly effort.
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PART 1

THE EVALUATION OF MICROBIOLOGICAL TECHNIQUES

FOR DETERMINING SURFACE BURDEN
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INTRODUCTION,

A survey of surface sampling techniques, other than coupons, was
performed. The initial effort was largely a literature search
designed to reveal the most appropriate methods for sampling the

surface on the CMTM,

The following techniques, plus various modifications and variations,

were noted and considered.

1. Contact agar p]_ateg’ 12’ 15, 18, 19

2. Agar sausage (contact)br
3. Millipore filterlo’ 14, 20
L, Lift-off tape
. Spray gun (spray, rinse, collect)6

. Vacuum probe7
16, 17, 18
. Direct Surface Agar Plate18’ 20

5
6
7. Rinse
8
9 8, 18, 20

. Swab2 > 3>
10. Wash (rinse with surface active agent)
11. Syringe (contact agar)lo’ 20
12. Liquid agar rinse-offzo
13.  Agar Mold’

14,  Agar-gauze (contact’)9

15. Replicating flocll

From the above list, likely candidates were chosen for laboratory

comparisons with the coupon method of sampling. The following

NOTE: Superscript refer to Bibliography - Appendix 1
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criteria were employed in selecting five candidate methods:

1. Applicability to CMIM hardware
2. Amount of preparation and time required to perform each method

3. Need for modifications to present facilities or equipment

The five candidate methods selected for evaluation follow:
1. Contact Plate (Rodac)
2. Washing
3. Rinsing
L, Swabbing

5 Lift-off Tapes

II. EXPERIMENTAL PLANS.

Surfaces of aluminum alloy, stainless steel, and plastic were seeded

with Bacillus globigii spores of different population densities and

then assayed using the previously mentioned techniques.

A comparison was made of the efficiency of the different techniques.
The bio-assay coupon procedure utilizing sonication was used as a

standard.

ITI. METHODS AND MATERIALS.

A. Materials,

1. Spore suspension.

Bacillus globigii spores were grown and harvested as described

in "Determination of the Heat Resistance of Microbial Isolate

From the EASL"(l). A1l dilutions for the purpose of
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inoculation were made in 1% peptone water. Plate counts
were made to determine the exact viable population, The
population levels remained quite constant during the entire

study period. The same stock solutions were used throughout

the duration of the experiments.

Materials used as inoculated surfaces.

a. Stainless steel, 2" x 2"

b. Aluminum alloy, 2" x 2"

c. Plexiglas, 2" x 2"

All surfaces were treated as to insure their cleanliness

then decontaminated with ETO 8 psi, 6 hrs., 130°F, L59, R.H.).

Biological materials,

a. Trypticase Soy Agar (TSA)
b. 1% Peptone Water

e. Tween - 80

B. Methods,

l.

The desired inoculum levels of Bacillus globigii spores
2

(105, 103, 105, 107) were deposited onto the various
surfaces with glass micro-pipettes. Prior to seeding,

each surface was placed in a sterile plastic petri dish.
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Following inoculation with the B. globigii spores,

the surfaces were dried overnight at room tempenﬁture.

2. Rodac Procedure

8.

3. Swab

The rodac assay procedure was conducted in accord-

ance with the NASA Standard Procedures for the

Microbiological Assay of Space Hardware(a).

Procedure
The swab assay procedure deviated from the NASA

Standard Procedures for the Microbiological Assay

of Space Hardware only in that the swab head was

placed in 50 mls of 1% peptone-water after swabbing

and sonicated at 25 kc/sec. for 3.5 minutes.

L. Bio-assay Coupon Procedure

a.

The inoculated bio-assay coupons (stainless steel,
aluminum alloy, and plexiglas ) were placed in a
16 oz. bottle containing 50 mls 1% peptone
"inoculum side down" and sonicated at 25 kec/sec.
for 12 minutes.

Serial dilutions of the sonicated liquid (where
necessary) were made and plate counts were per-
formed to determine the number of viable organisms

removed by the bio-assay coupon technique.



5. Wash and Rinse Procedure

8. A sterile glass chromatography sprayer (Fisher/SO ml
capacity) was used for both washing and rinsing
methods. The sprayer, containing 20 mls of 0.5%
sterile peptone-water, was connected to sterile
latex tubing. Inserted in the tubing distal to
the sprayer was a glass column racked with glass
wool to filter out air contaminants. The spray
was generated via attachment of the tubing to a
~ompressed air line. The effluent generated onto
the test surface was maintained at a distance
(approximately one inch) such that the test
surfaces were directly exposed to the wash or
rinse effluent.

b. The inoculated test surfaces were held in & hori-
zontal position (in sterile glass petri dishes):
the 1id of the petri dish was then elevated
(epproximately 45°) and the samples sprayed.

c. The washing method differed from the rinsing
method only by the incorporation of 0.1% TWEEN-80
into the 20 mls of 0.5% peptone-water. The rins-
ing method did not utilize any detergent or
surfactant in the peptone-water.

d. A 10 ml aliquot of the peptone wash (or rinse)
fluid was removed and placed in sterile 8 oz.
specimen jars. The peptone wash (or rinse) fluid

was then sonicated for 3.5 minutes at 25 kec/sec.

in a Branson sonicator to break up any spore "clumps".



Iv.

V.

I

e. Upon completion of sonication, serial dilutions
(where necessary) were performed and plate éounts
conducted to determine the number of viable organ-
isms removed by spraying techniques. 1 ml aliquots
of the wash (or rinse) solution were dispensed into
sterile petri dishes, followed by the addition of

20 mls of molten TSA.

6. All plates were incubated aerobically for 48 hrs at 3200.

Results

The results of experiments conducted to evaluate various assay
methods utilizing the experimental techniques described in this
study are presented in Table 1-1.This data indicates that the
washing method was the most efficient means for assaying surface
microbial burden. The efficiency of the wash recovery method
exceeded that of the bio-assay coupon method which for purposes

of this study was used as the standard reference technique.

Discussion

Under the experimental conditions described in this study, the
swabbing and Rodac techniques were found to be the least efficient
method for removal of surface burden. On all surfaces assayed, the
washing technique was slighﬁly more efficient than the rinsing method
for spore removal. Evidently the low concentration of TWEEN-80 used
in the wash flulds acted as a wetting agent and resulted in an in-

creased removal of spores. The surfactant did not have a noticable

1-8



TABLE 1-1

A Comparison of the Percent Recovery of

Bacillus globigii spores from Plexiglas,

Stainless Steel and Aluminum Surfaces

Surface Type-Plexiglas
Method: Swab

Wash

Rinse

Rodac
Control (Bio-assay Coupon)

Surface Type-Stainless Steel
Method: Swab

Wash

Rinse

Rodac
Control (Bio-assay Coupon)

Surface Type-Aluminum
Method: Swabdb

Wash

Rinse

Rodac
Control (Bio-Assay Coupon)

N.A. -~ Not Applicable
TNTC - To numerous to count.

Spore Concentration per ml.

lO2

103 10° 107

All figures in % Recovery

N.A. 0 1 45
R.A. 66 51 73
N.A. 15 3 63
38 n TNTC __ N.A.
0 0 29 62
10° 105 10 107
N.A. 23 6 Ll
N.A. 69 56 ol
N.A. 52 22 96
Lo 10 0.3 N.A.
0 68 L6 R
10° 103 10 107
N.A. 0 31 53
N.A. 30 71 10k
N.A, 11 6l 92
10 N TNTC __ N.A.
0 19 83 92
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Bactericidal or bacteriostatic effect. Plates containing TWEEN-8O
and TSA were seeded with B. globigii and after incubation did not
reveal any growth inhibition when compared to control cultures.
The wash method appears to be equal to or greater in removal

efficiency than the bio-assay coupon technique.

In general, the higher concentrations of spores appear to yield
a higher percent recovery on all three surfaces with each tech-

nique employed. The result may be attributed to several factors

ineluding;
1. Surface properties of the materials evaluated.
2. The varying inoculation concentrations.
a. Difference in drying and resultant spore die-off
rates.
b. Different affinity of spores to surfaces at various

conceirtration levels.

Previous studies have indicated that the materials used as
inoculating surfaces are not bacteriostatic or bactericidal (3).

It was assumed that the die-off rates on each surface type at

each spore concentration level was constant for the drying period.
Thus the two above factors are interrelated and have been considered

constant on each surface type and at each spore concentration in

this study.

In addition to the previously discussed assay procedures an ad-
hesive paper* was evaluated. Preliminary results from this effort
indicated that the "lift-off" paper utilized was minimally effective

* Dry-Stick Paper, Manuf, by Dennison Paper Co.
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VI.

in assaying surface microbial burden. However, it is recommended
that additional studies be performed to evaluate other types of

gummed paper or tape,

Conclusions
A A

1. The wash and rinse procedure is more efficient in assaying
surface microbial burden than swabbing or rodacing.

2. These methods can be used for assaying coupons; however
they would need additional experimentation and procedural

development before they could be utilized on spacecraft

hardware,
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PART 2

ESTIMATION OF THE MICROBIAL LOAD ON THE

CMIM SUBASSEMBLIES PRIOR TO T.A. AND F,A., CYCLES
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INTRODUCTION.

This report deals with the microbial loads on the Capsule Mechanical Training

Model (CMIM) before the various flight acceptance (F.A.) and type approval
(T.A.) tests.

The microbial burden on a subsystem assembly ig influenced
primarily by:

(1) The chemical composition'of its component parts.

(2) The conditions of manufacture.

(3) The amount of exposure to microbial fallout after manufacture.

(4) The degree and type of handling after manufacture.

(5) Types of organisms present.

(€) Length of storage.

(7) The conditions of storage.

(8) Electrostatic factors.
All the asbove elements were considered in arriving at the various esti-
mates in this report. In the absence of a detailed history on a parti-
cular item, engineering judgment was employed in conjunction with the best
information available to arrive at an estimate. Conservative (high)

figures were then used. Where deemed appropriate, authorities are cited,

The subsystem assemblies were assigned an arbitrary age of three months

at the time of FA/TA; and were considered to have spent the last two months
under protective covering. This baseline was considered necessary in order to
circumvent the multi tude of unknowns to which the units have been

exposed while in the high bay area of Building 233.
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Portner(l) and others (2) have shown that, in a non-clean room area, the .viable
particle count tends to reach a plateau of about 42 organisms per square inch
after & few weeks. However, in this report, a higher value of 70 organisms
per square inch will be used to estimate ordinary microbial fallout under
conventional spacecraft assembly conditions. It has also been shown that,

in the absence of continuing contamination, there is a rapid decline of
vegetative organisms (about 4 logs in 1k day).(3)(h) The die-off rate for
bacterial spores is slower but sub_sta.ntial (about 50% reduction in 50 days).
The "plateau phenomenon' and estimated decay rates have been employed in
arriving at the burden estimates. When die-off rates were estimated for
ordinary fallout, the organisms (a mixture of vegetative and spore forms) were
considered to decline 90% after two months. When there was good reason to belie
that a microbial population was predominantly spores, a die-off rate of 50%

for 50 days was employed.

Charged microbial particles are electrostatically attracted to many non-metal
surfaces, (i.e. impact limiter, retro-rocket, etc.) especially during periods
of low hunidity.(S) A conservative multiplication factor of 5 was employed

when estimating such surface counts.

MICROBIAL, BURDENS.

A. Data Encoder Subsystem and Dummy Electronic Subsystems(7)

A data encoder, as shown in Figure 2-1is represented in this report as a
typical electronic subsystem assembly. This unit is composed of a chassis,
containing 15 modules, comprising 15 circuit boards, electronic piece
parts, and cablixig with interconnections. The values assigned to the

eight electronic subsystems were arrived at from exhaustive analysis
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of the data encoder.

The various parameters that were considered as con-

tributory factors to the increase or decrease of microbiel burden on the

data encoder subsystem are presented in Figure 2-2.,

As a background for estimating the microbial burden of the electronic sub-

system, it is necessary to consider the stages of its manufacture:

(1 The electronic piece parts are soldered onto circuit boards.

(2) The circuit board is conformal coated and mounted on the modules

with the proper wiring and interconnections.

(3) The modules which have magnesium casings are mounted in the sub-

system chassis.

The following list gives average numbers of electronic piece parts in each

electronic subsystem assembly:

1.

Fastener connectors
Capacitors

Resistors

Diodes

Transistors
Potentiometers
Amplifiers
Oscillators
Electrical Lead Assemblies
Electrical connectors
Transformers

Relay latchings

Chokes

2-6

211
853
283
152

Lo

25
66
8

TOTAL ...1657



Factors %hat Decrease Microbial Loads
(Letters positioned in flow chart)

a. Natural die-off

b. Cleaning of parts

c. Shake-off (bench check)

d. Parts screening

e, Alcohol wash

Module (a)

Factors that Increase Microbial Loads
(marks positioned in flow chart.)

* Manufacture Burden
*% Fallout

**%  Handling

Chassis*

piece | (8){c)(d)

Module

Subsystem

—(e) Assembly

Parts

Conformal

Coating*

Subsystem

(a)

(e)(a)

._**_______%>

To

(b)

Chassis¥*

Figure 2-2- Buildup of an Electronic Subsystem Assembly
I1lustrating Microbial Loading Considerations
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Internal Burden Estimates

The circuit boards, electronic piece parts, conformal coating
material, and wire coating were considered as possible sources

of internal contamination.

The circuit boards were assigned & zero internal burden because
of the high temperatures involved in their manufacure. (177°C for

30 minutes).

The wire coating material, teflon, also sees an extremely high
temperature in its manufacture. It is applied to the wires at
temperatures above 3270C. For this reason, the wire coating

has been assigned a value of zero internal burden.

The parts screening techniques applied by JPL Quality Assurance
generally utilize an elevated temperature cycle in excess of
125°C for 168 hours. This treatment destroys any internal burden.
One of several possible exceptions to this treatment is the
tantalum capacitor. However, in discussions with JPL parts
engineers, it was indicated that, in any future application re-
quiring sterilization of the system, the temperature screening
would be increased to assure the availability of suitable parts.
Therefore, we are considering the electronic piece parts as

being internally sterile.

The conformal coating material (castor oil-polyurethane) is not
intrinsically germicidal, nor does is see sufficient heat (55°C)

in its manufacture to ensure internal sterility. Bacteriostatic



substances are being developed, however, which will effectively block re-
production of bacteria in conformal material.* Twenty organisms per c.c.
were assigned as the load for the confarmal coating. There are about

20 c.c. of conformal coating per circuit board and 15 circuit boards.
Thus, 20 x 20 x 15 = 6,000 organisms per electronic subsystem assembly be-

fore FA/TA.

Surface Burden Estimates.

Each of the eight aluminum subsystem chassis (aluminum face plate, support
beams, side plates, etc. as shown in Figure 1)has a total exposed surface
area of 1340 square inches and a total of 361 square inches of intimately
joined** surfaces. The burden on all these surfaces before they receive
their electronic modules can be assumed to be at least the "plateau" value
of 42 per square inch. However, to be conservative, we will use a value
of 70 per square inch. Thereforé, the burden at this level is estimated

to be 119,070 viable particles.

Shortly before the electronic modules are added, the subsystem chassis is
washed down with M-50 compound (1,1,1, trichloroethane). This is assumed
to decrease the microbial burden on the exposed surfaces from 93,800 to
9,380 organisms--primarily by mechanical removal. The 361 square inches
of hidden surfaces would retain their original value of 25,270 vieble
particles. The new total on the subsystem chassis would be 34,650 viable

particles.

* NASA Case No. 10007 (Goddard Space Flight Center).

i Defined as surfaces so closely joined that additional bacterial

fallout is excluded from both surfaces.
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After the addition of the electronic modules, the total sub-
system sees about a month of bench check. Several factors tend
to resist microbial buildup on the subsystem chassis during this
time. (l) The entire subsystem assembly is placed under cover
when not being tested. (2) Many surfaces are occluded by the
electronic modules. (3) Many surfaces are vertical and there-
fore receive less fallout.(6) (4) The burden between the in-
timately joined surfaces will continue to decay and could be
expected to fall from 25,270 viable particles to about 16,000
microorganisms which will be principally spores. (5) Many of the
fallout particles are dislodged whenever the unit is disturbed.
(6) The microorganisms occluded by the installation of the elec-
tronic modules will continue to die off. This area, about LOO
square inches, could be expected to show a burden drop from

about 2800 (70 viable particles per square inch) to 1700 organisms

Because some of the fallout is dislodge by handling and shake-off,
a net fallout of two viable particles per square inch of exposed
area per day is assumed (8hr. day). Since all surfaces are not

simultaneously exposed, the fallout is calculated on % of the

original exposed surfaces (1340 in.2). This gives an estimate of
1340 viable particles per day (2 x 670), or 40,200 per month
(40,200 x 30). The great ﬁajority of microbial burden added by
handling is non-sporeforming in nature., Little, if any, of this
burden is likely to survive until the FA/TA tests, two months

hence, Thus, this burden will not be added to the total final
microbial load.
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The microbial surface burden on each of the subsystem chassis

after bench check is given as:
40,000 Recent fallout
1,700 On areas occluded by modules
16,000 On intimately joined* surfaces

57,700 Viable particles

At this point, the subsystem assembly is wrapped and delivered
to bullding 233. After two months under wraps, the fallout
count could be expected to decrease at least 90% while the
other burdens, which would be predominantly spores, should

decrease at least 50%.

From the foregoing information the surface burden on each
electronic module chassis at the time of TA/FA heat cycling

is estimated at 12,850 organisms.

In calculating the microbial contamination on the electronic
modules, all surfaces are considered together. The combined
areas of the 15 modules with their circuit boards and elec-

tronic piece parts are about 2,160 square inches.

On the assumption that the completed modules had been stored
free of direct fallout, a figure of 10 microbes per square
inch is assigned as the burden load during storage, resulting

in 21,600 microorganisms.

* See page 2-9
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During the build-up of the circuitry on the boards, the assem-
blers probably wear cotton gloves, cap, smoek, and booties.,
Very little burden should be added due to handling., In

fact, viable particles could easily be dislodged. How-

ever, to be on the conservative side, it will be assumed

that the "plateau" level of L2 orpanisms per square inch

is achieved giving a surface load of 142,212 organisms,

incluiing the electronic parts (with 1226 additional in.Z2)

As the construétion of each electronic module is com-
pleted, it is rinsed with alcohol. This should reduce the
burden by approximately two 1ogs.(7) The resulting microbi-
al surface count should be close to 1,400 for the elec-

tronic modules in the subassembly.

The number of viable particles which falls onto the modules
while the modules are being mounted would probably be less
than one per square inch of surface. However, a value of

one viable'particle per square inch will be assigned. Thus,

a new total of 4,788 is obtained. Contamination from handling

is not being calculated because of reasons previously given.
It is unlikely that a high overall surface count would be

realized on the modules during the one month of bench test-

ing--since only a small portion of the surfaces are directly

2-12



exposed. Additionally, most of the exposed surfaces are
vertical, Taking an estimate of 70 viable particles per
square inch of upward-facing areas, and % of this (35) for

the vertical surfaces, a new total of 11,300 is obtained.

After the prescribed two-month quarantine period, a pre=
FA/TA viable particle count of about 1,130 should remain on
the electronic modules,

Burden Totals

The complete microbial burden on each of the electronic
chassis, before FA/TA, as estimated above, is:

1. Internal Burden (conformal) 6,000

2, Surface Burden

(a) Aluminum Chassis 12,850

(b) Electric modules 1,130
3. Total of 1, and 2. = 19,980 Organisms

The total for all eight electronic chassis would be about

160,000 viable particles.

Additionally, bay #3 electronic chassis has a large smount
of wires and an "umbilical cord". Censidering no internal
burden in the wire coating, and assigning a value of 7T
microbes per square inch (70, minus 90% die-off) one gets
2 count of 6,398 (about 914 square inches x T) for the

wires and cable in bay #38.
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The total counts on all electronic chassis plus umbilical

cord before FA/TA is estimated to be 1.2 x 10° organisms.

Impact Limiter

The impact limiter is a 45 inch sphere constructed from a hard
grade of balsa wood. Irregular lengths of wood, L" x L", were
bonded together with a resorcinpol glue., These pieces created an
internal surface area of 52,338 square inches; and an external
surface area of 6,37h square inches. The outer surface is fiber-

glass coated.

a. Internal Burden

Plant interiors are normally sterile, therefore the only
serious areas of concern are, (l) microbes added to the
internal surfaces during manufacture, (2) the external

surface burden, and, (3) the fiberglass coating,

Although resorcinol is weakly germicidal, we have no
authority which would enable us to consider it sporicidal
under these conditions, It very likely exerts a bacter-
iostatic action, however. It seems advisable to assign a
value of 5 microbes pef square inch of interior surface.
This would give an internal burden count of 261,690

microbes,

The outer coat of fiberglass was cured at 135°C, for eight
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cC. Aeroshell

hours. (5.7 D values). Therefore, the fiberglass is inter-

nally sterile--as is the adjacent balsa wood surface.

Surface Burden

The shape of the impact limiter offers very few horizontal
surfaces onto which fallout may accumulate. On the other
hand, it exerts an electrostatic attraction for particles
suspended in the air. Therefore, where the estimated count
would normally be seven microbes per square inch of total
surface, only half of the sphere (3,187 sq. in.) is consid-
ered vulnerable at any one time. Seven times 3,187 x 5

(electrostatic factor) gives us 111,545 viable particles.

Total Burden

The microbial burden on and in the impact limiter before
the FA/TA cycles is estimated to be 111,545 on the outer
surface and 261,690 on the internal surfaces--for a total

of 373,235 microorganisms.

The aeroshell subsystem contains a large variety of surfaces:

(1)
(2)
(3)
(4)
(5)
(6)

Sloping, exposed
Sloping, sheltered
Vertical, exposed
Vertical, sheltered
Horizontal, occluded

Vertical occluded

(7) closely joined
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(8) Downward rims

The occluded areas (about 36,53k square inches) would very likely

have a lower microbial burden than the other areas. Also, the sheltered
areas would logically have a lower count than the outer areas. Also,
the vertical outer surface should have a lower burden than the

8loping surface., To reveal this difference, a load of T microbes per
square inch is allotted té the exterior sloping surface; 5 to the
outer cylinder; L to the lower rim; 3 to the sheltered areas;

and 2 to the occluded areas:

Microbial Pre-TA/FA
Surface Loa Microbial
Type of Surface (1n.2) In. Load Totals
Sloping, outer 25,345 7 177,415
Cylinder, outer 12,700 5 83,500
&oined and Occluded 36,534 2 73,068
Bheltered, open 46,210 3 138,630
Lower rim and inner
cylinder 16,960 L 67,840
Totals 137,749 540,453

Table 2-1 - Estimated Loads on Various Aeroshell Surfaces.
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D. Parachute Canister

The parachute canister is a cylindrical aluminum body containing a
non-sterile nylon parachute. No history is available on the type of
handling to which the parachute has been subjected. A burden of
four organisms per square inch on the parachute surface seems to

be the safest assumption.

Microbe Estimated Total Microt
Surface In.? Per In.2 |organisms at TA/FA
Top, outer 176 7 1232
Top, inner 155 L 620
Bottom, outer 240 7 1680
Bottom, inner 155 L 620
Top flange 21 T 147
,’ Bottom flange 89 7 623
Side, outer 760 T 5320
Side, inner 720 b 2880
Parachute 690,768 L 2,763,072
Total 2,776,194  Organisms

Table 2-2 - Estimated Burden on Various Portions of the

Parachute and Canister.
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Relay Antenna

The relay antenna is a cylindrical aluminum body with a glass

epoxy top.

The internal area of about 1,075 square inches is almost entirely
occluded., This surface will be considered to have 4 organisms per
square inch, The external surface will be assigned T viable
particles per square inch. The amount and types of microbial
burden on the relay antenna at TA/FA is estimated to be:

(1) Occluded burden . . . 4,300 organisms

(2) surface burden . . . 7,609 organisms

Total 11,909 organisms

Rocket Motor

The rocket motor is constructed of fiberglass and resin. The
nature of its manufacture (at about 3009C.) enables us to rule

out internal burden.

The outer surface will be assigned a burden of 7 organisms plus the

electrostatic factor of five--or 35 per square inch.

The inner surfaces will be assigned a value of 3 plus the electro-

static factor of 5--or 15 per in.2.

Following is the amount and type of microbial burden on the rocket

motor at time of FA/TA.
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(1) Outer surface . . . 76,790

(2) Inner surface . . . 34,188

110,978 organisms

Payload Structure Assembly

This subsystem is constructed almost entirely of aluminum and con-
tains about 1,500 square inches of intimately joined surfaces, and

about 27,187 square inches of exposed surfaces.

By assigning a heavy mﬁnufacturing "plateau”" of TO microbes per
square inch, we get a pre-FA/TA count of 7 microbes for each square
inch on the payload structure assembly. This becomes:

(1) 10,500 viable particles per square inch of intimately Jjoined

surfaces.

(2) 190,309 viable particles per square inch of exposed surfaces.

200,809 Total microbial count before FA/TA.

Sterilization Canister

The sterilization canister has an inner surface area of 75,750
square inches. Considering half of this surface to be sheltered
against fallout at any given time, an average count of 4 viable
particles per square inch seems realistic. This gives 303,000 or-
ganisms on the inner surfaces of the sterilization canister before

FA/TA. The outer surfaces were not calculated.
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IIT. Totals

1. Electronic Payload Assembly
a. Total of 8 units
b. Umbilical cord

2. Impact Limiter

3. Aeroshell

b, Parachute and Canister

5 Relay Antenna

6. Rocket Motor

Te Payload Structure Assembly
8. Sterilization Canister

Totals

Grand Total

Table 2-3- Estimated Microbial Load on the CMTM Before

SURFACE BURDEN

INTERNAL | Intimately
BURDEN Joined,:F External
4.8, x 104 | 6.4 x 10" b7 x 10%
0 NEG. 6.4 x 103
2.6 x 107 NEG. 1.1 x 10°
0 7.3 x 10" | 4.7 x 105
2.8 x 106 NEG. 9.0 x 103
4.3 x 103* NEG. 7.6 x 103
0 NEG. 1.1 x 10°
0 1.0 x 10% 1.9 x 10°
0 0 3.0 x 10°
3.1 x 106 1.5 x 10° | 1.2 x 10°

L4 x 10° organisms]

=F. See footnote, page 2-9

* Includes permanently occ.uded surfaces.

Neg. = Negligible ‘
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Discussion

As shown in Figure 2-3, a large portion of the microbial burden on the
CMIM, before T.A./F.A., is found in the internal regions of the impact
limiter and the parachute within the parachute canister. These units,
and the other subsystem assemblies, will be subjected to ethylene oxide
before being sent into the SADL assembly area. However, since ethylen=
oxide is a surface decontaminant, the parachute and impact limiter will

carry their large internal loads until they are exposed to the tefminal

sterilization cycle.

The most questionable estimate in this report is felt to be the esti-
mation of the internal burden of the conformal coating material. Under
certain conditions, this material is said to support microbial populations
It is unknown if these conditions existed for our material. It was assunm-
ed that no large scale reproduction of microbes occurred before, during,

or after the application of the material to the circuit boards.

Recommendations

1. Sterilize the impact limiter and the parachute (within its containe
prior to terminal sterilization cycle. This would enable the 8 CMI
subassemblies to enter the SADL assembly area after ETO with an
estimated microbial count of about 1.0 x 105. Without this pre-
caution, the units would contain an estimated 3.2 x lO6 microbes.

About a 9T% decrease would be realized.
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By pre-sterilizing the impact limiter and parachute, the
mathematical certainty of sterilization can be increased if

the usual sterilization cycle is performed.

The effect of heat on the electronic components is of prime
concern. If the sterilization heat cycle can be initiated
before the centers of these two elements reach 125°C, the
electronic components will probably see much less deleterious
heat. From available information, it appears that the center
of the balsa wood impact limiter would arrive at 12500 after

200 hours.

Investigate the possibilities of using the bacteriostatic con-
formal coating material reported in use by Goddard Space

Flight Center.*

Ideally, of course, a bacteriocidal material would be
preferred; however, if the manufacture of the suggested
material can be performed under clean conditions, micro-

bial loads can be more accurately estimated.

There are numerous spore-forming organisms, both aerobic
and anaerobic, which have optimum growth temperatures below
30O .(8) Investigation is this field could well demonstrate

much higher fallout rates than those previously considered.

* As described in NASA Case No. 10007 (Goddard Space Flight
Center).
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Introduction

Task llc requires an estimation of the microbial load and verification
of sterility on the Capsule Mechanical Training Model (CMTM) subsystems
after T.A, and/or F.A. cycles. The basic approach of the task was to
apply the "D" values contained in the specified F,A./T.A. cycles to pre-
F.A./T.A, biological burden estimates (as estimated in Part 2 of

the report). By estimating initial biological burden and factoring in
kill rates ("D" values for each F.A, and/or T.A. cycle), the probability

of the subsystems being sterile was estimated.

It is recognized that those systems exposed to T.A, testing would not be
used as future flight hardware, however, calculations were made to demon-
strate the amount of biological lethality that T,A. articles are exposed

to during T.A. heat sterilization.

For the purposes of this study, several assumptions have been made.
These include:
1. The instantaneous heat-up and cool-down of all
subsystems during T,A, and F.A, heat testing.
2. A D125 value of 3.5 hours and a D135 value of
1.4 hours used for the internal biological burden
of all subsystems based upon a Z of 25%. The
D125 value used for surface microbial load was

0.5 hours.




II

ITT

3. All CMIM subsystems see F,A, heat and ETO testing.

F.A./T.A., Tests and Their Applications

The type approval (T.A.) tests for ethylene oxide (ETO) and dry heat
sterilization require six cycles with ETO and dry heat. The flight
acceptance (F.A,) tests require only one cycle with ETO and one cycle
with dry heat. The procedure for these tests are detailed in JPL
Specification VOL-50503-ETS, "Environmentai Specificationstoyager
Capsule Flight Equipment Type Approval and Flight Acceptance Test
Procedures for the Heat Sterilization and Ethylene Oxide Decontam-

ination Environments".

As previously stated, the applications of the "D" values for a F.A,
or T,A, dry heat test to the estimated biological burden on a sub-
system would yield the probability for sterility for that CMTM sub-
system. This procedure was applied for determination of the internal,
external and total biological (internal plus external) burdens on the

CMIM subsystems.

Tables 3-1 & 3-2 describe the T.A./F.A. cycles for dry heat and ETO and
the number of "D" values implied, based upon the assumptions previously
given., Table 33presents the level and distribution of the estimated

microbial burden (internal, external and total) of the CMIM subsystems.
Reduction in Microbial Load After T.A./F.A. Dry Heat Cycles.

Table >kdetails the death rates ("D" values) obtained by exposing the

CMIM Subsystem Assemblies to a F.A. dry heat cycle.
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Table 3-1 ETO Cycles and "D"

Values for T.A. and F.A. Testing

1. No. of cyeles

2. Time for each cycle
3. Temperature

L. Humidity

5. ETO Concentration

6. No. of "D" values

T.A. F.A.
6 1
26 Hrs. 2L Hrs.
50% 40%
25-55% 35-55%
600 mg./liter 500 mg./liter
(2)* (2)*

*No reliable figures are available,

Unpredictable "skips"

in ETO action have been experienced by many workers.




Table 32 Dry Heat Cycle and "D" Values for T.A. and F.A. Testing

(Based on a D = 3.5 hrs and a Z of 25° c.)

125
T.A. F.A,
1. No. of cycles 6 1
2. Time for each cycle 64 Hrs. 60 Hrs.
3. Temperature 135° ¢ 125° ¢
*
4. No. of "D" values 276 17

*Equal to 6 cycles, each cycle yielding 46 "D" values.



Table 3-3 Estimated Microbial Burden on the Subsystems of the

CMTM Prior to T.A./F.A.

1. Electronic Payload Assembly
2. Impact Limiter

3. Aeroshell

4. Parachute and Canister

5. Relay Antenna

6. Rocket Motor

T. Payload Structure Assembly
8

. Sterilization Canister

Estimated* Estimated® | Bstimated*
Internal Surface Total
Burden Burden Burdens
1.1 x 10° h.7 x 10 1.6 x 10°
2.6 x lO5 1.1 x lO5 3.7 x 10°
*%
7.3 % 1oh 4.7 x 10° 5.4 x 10°
2.8 x 10° 9.0 x 103 2.8 x 10°
i
4.3 x 10°% | 7.6 x 105 1.2 x 10
=y
0 * 1.1 x 107 1.1 x 10°
1.0 x th 1.9 x lO5 2.0 x lO5
0 3.0 x lO5 3.0 x lO5

*Values estimated in subtask 11lb. (Part 2)

*¥*Includes permanently occluded and intimately joined surface burdens.

#=No propellant present.
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From Table 3451t can be seen that the CMIM subsystems will be internally

-1l
sterile with a probability range of 4.3 x 10 1 for the relay antenna,

p)

to 2.8 x 10 7 for the internal load of the parachute and its canister.

The impact limiter (a balsa wood ball) is an extremely poor heat-trans-
mitting structure, and, since the total volume of the impact limiter will
not reach 12500 in the 76 hours total heating period, it will not be
sterilized internally. The surface burden would be killed by the F.A.
dry heat cycle. However, the internal sterility of the balsa wood

impact limiter can be insured by applying a pre-terminal sterilization
cycle to this item, as recommended in Part 2 of this document. If

the parachute canister is also exposed to a pre~terminal sterilization
cycle, then the CMIM subsystem having the highest probability of steril-
ity after F.A. heat cycling would be the electronic payload assembly with

-12
a probability of 1.1 x 10 .

It has been previously mentioned that T.,A. articles would probably not
be used for flight hurdware. However, to indicate the degree of micro-
bial lethality encompassed by 6 T.A. heat cycles of 13500 for 64 hours
dwell time, it can be seen in Table 3-2, those articles exposed to

6 T.A. heat cycles "see" approximately 276 "D's",

Thus the probability of obtaining sterility after exposing the CMTM
~ subsystems to the T.A. dry heat cycles is extremely high. Using the
"D" values and assumptions previously stated, the probability of steril-

=270
ity would range from 2.8 x 10 4 for the internal load of the Parachute

3-8



Table 3=k
R e

Reduction of Microbial Burden on the CMTM Subassemblies Following F.A, Dry

Impact Limiter

Aeroshell

Relay Antenna

Rocket Motor

it

Heat Cycle. (125°C for 60 Hrs. = 17 "D"'s.) Total Heating Time of 76 Hrs.
ESTIMATED ESTIMATED POST F.A.
PRE-F.A. BURDEN PROBABILITY OF STERILITY
.3“_! [Ta\ ' =
. I 28 S
« 0] —~ + ~ @© ¥ 3}
£ S5 585 '% | 250 %
(el ~ - T e N & o 3 dng
£ 8 [ SH N 3 QWM N Qe
EZ 23 Cesg8 | BoEgE
~ B AL Ot A O D~
5 L =12 -116
Blectronic Payload Assembly | 1.1 x 10 L.7 x 10 1.1 x 10 .7 x 10
-11
2.6 x 105 1.1 x 10 # 1.1 x 10 >
* -1 -115
7.3 x 10 L7 x 10 7.3 x 103 4.7 x 1077
6 3 WK _117
Parachute and Canister 2.8 x 10 9.0 x 10 2.8 x 10 9.0 x 10
* 3 =14 -11
h,3 x 1o3 7.6 x 10 4.3 x 10 7.6 x 10 T
=11
oI 1.1 x 107 N.A. 1.1 x 1077
4 5 -13 -115
Payload Structure Assembly 1.0 x 10 1.9 x 10 1.0 x 10 1.9 x 10
5 =115
Sterilizatiun Canister 0 3.0 x 10 N.A. 3.0 x 10
Estimated survivor count is 6.4 x 10 organisms. Based on information furnished by JPL.

= Includes permanently occluded and

intimately joined surface burdens.

= Heat-up and cool-down values not estimated in kill.

= Estimated from data furnished by JPL.

= Not Applicable.

= No propellant present.

Estimated on the amount of 1250 C heat at core.
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-

and its Canister to 4.3 x 10-273 for the internal portion of the Relay
Antenna.

Of the eight subsystems, it is probable that the electronic payload
subsystem and rocket motor, in addition to the above mentioned sub-
systems, would "see" the dry heat testing. Structural articles such
as the aeroshell, payload structure and sterilization canister will

possibly not be exposed to T.A. cycling.

As in the case of the F.A. heat cycle, there is a problem with internal
burden for the impact limiter. Even though'6 heat cycles at 13500 are
applied for 64 hours each, the internal burden is still not completely
destroyed. The center of the impact limiter will not "see" enough heat
to guarantee complete kill For the T.A. dry heat test, it is required
that after each heat-up cycle a cool-down period must follow: and, thus
the heat can penetrate only a certain distance into the balsa wood ball
during every heating cycle. The center of the balsa wood ball and ad-

Jacent areas would not be heated to a degree that would insure sterility.

Reduction in Microbial Load After T.A./F.A. Ethylene Oxide Cycles

Since the penetration of ETO into most materials is slight, the ETO
F.A. cycle was considered to be effective only iﬁ decuntaminating
surfaces. In addition to this limitétion, the chemical composition
and clganliness of the surface with the biological burden will influ-
ence the sterilizing effectiveness of the ETO. Moreover, due to a
phenomenon known as "skips"*, the probability of surface sterility re-
sulting from a single ethylene oxide F.A. cycle could not effectively

be determined.

*Skips are a reduction or absence of kill capability obtained when ETO
is used as a decontaminating agent. The exact cause and nature of the
phenomenon is not clear. It is not feasible to try to predict a skip.
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When an ethylene oxide T.A. test is performed, six cycles with a higher
ETO concentration and longer time (see Table 3-1) than the F.A. test are
required. Thus, a greater exposure to the ETO is obtained, but here

again the quesfion of "skips" in ETO activity arises.

The possibility of obtaining sterile surfaces for the CMIM subsystems
during T.A./ETO testing is greater than that during F.A. cycles, but

the probability of surface sterility still cannot be determined.

Conclusions

The performence of the T.A. test cycles and for the F.A. sequence of
test cycles would enhance the final probability of obtaining sterility
for the CMIM subsystem. An exception must be made for the impact

limiter and parachute and its container. These items will require a

pre-sterilization cycle.
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PART L4

ESTIMATION OF MICROBIAL LOAD AT ANY

STAGE OF CMTM ASSEMBLY, AND ON THE ASSEMBLED CMTM
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Introduction

Task 11 requires the development of techniques for measuring and con-
trolling the microbial load on the capsule mechanical training model
(CMTM) at various stages of assembly in the controlled environment of
the Sterilization Assembly Development Laboratory (SADL). Prior to
admittance into the SADL, the subsystem assemblies of the CMTM under-
go a Flight Acceptance (FA) test and an ethylene oxide treatment. The
assembled CMTM, enclosed in its sterilization canister, undergoes &
dry heat sterilization. This discussion is concerned with post FA

and pre-terminal sterilization as well as the assembly stages.

Since no destructive testing is anticipated during this program, only
surface burden can be estimated from analyses of measured data. Internal
burden will have to be estimated by other means, e.g., through litera-
ture and judgment. The subject of internal burden is covered in the
report on the estimation of pre-FA burden.” This report is, therefore,
restricted to surface burden, i.e., the techniques for measuring and

analyzing the data which can be accumulated during an assembly operation.

One of the requirements of Task 11 is the evaluation and comparison of
various techniques for measuring surface burden. A study was being con-

ducted simultaneous to the other required studies of the task, and the

¥In "The Estimation of the Microbial Load on the CMTM Subsystem Assemblies
Prior to TA or FA Cycles" by R. L, Massey, the internal and occluded
burden is estimated to be 3.2 x 100,
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results are documented in another report. However, since the results
were not to be available for the subject task, a given condition was
that the best availlable method for measuring surface burden was by

means of bio-assay coupons.

In addition to the subtasks mentioned above, Task 11 requires the develop-
ment of means of guaranteeing sterilization during the terminal heat cycle,
means of guaranteeing the integrity of the sterilization canister, and the
development of a personnzl organization. These subjects are also discussed

in other Parts of this report.

Task 11 also implies other subtasks, the completions of which were neces-
sary in order to carry out the specified requirements. These include the
definitions of assembly operations, the breakdown of surfaces into zones,
and the allocation of coupons. The implied as well as specif'ied require-
ments are discussed in this report. The approaches used in satisfying

these requirements are detailed in the sections which follow.

Sections IV, VII and VIII, concerning the statistical design and the
statistical analysis plan were prepared by M.J. Massa, AVCO Corporation,
Missile Systems Division. Sections II, ITII, V, and VI, concerning the
assembly operations, zoning, and coupon allocation.and removal schedules,
and Appendices A through E were prepared by P.A. Kales, AVCO Corporation,
Missile Systems Division. Section III was prepared with the assistance
of R.L. Massey, and W.A. Brewer, AVCO Corporation, Space Systems Division.
Appendii F was prepared by R.L. Massey and P.A. Kales. Appendix G was

prepared by K. Bateman, AVCO Corporation, Space Systems Division.



IT.

Assembly Operations.

A,

Definitions of Operations.

A primary step in accamplishing the task of burden estimation at
various stages of assembly was, of course, to define the assembly
operations so that estimation points could be determined. Using
the assembly instructionslwhich were available, an operation plan
was created after observing the vehicle being assembled. This
plan definés operation steps by number, and indicates the numbers
and types of hardware, tools and equipment, and personnel to be

present for each operation.

The suggested assembly procedure appears in Appendix A, Areas of
this plan may require revision as the program progresses. However,
the necessity for such a plan in order to carry out the require-
ments of Task 11 justifies the procedure as it appears in Appendix A.
Points of Estimation.

An immediately essential task in defining a more complete statement
of the problem was the establishment of estimation points relative
to the assembly operations. Two sources of surface contamination
were considered: fallout from the atmosphere and burden introduced

by direct human contact,

Since a maximum of 500 samples (number of coupons to be assayed) are

allowed per éssembly, the number of estimation points permitted is

1 JPL Procedure CMIM 100.01

4-5




restricted. One estimation point will be when the assemblies

enter the SADL for buildup; i.e., Section 1.0, Operation 5. Another
will be when the CMMM is assembled but not yet inserted into the steri-
lization canister, i.e., Section 6.0, Operation 30. At least two
other estimation points are desired to study fallout contamination,

but the sample size restriction will not permit more than that. Since
the amount of fallout contamination is a function of time, it is
desired to have the other two estimation points at respectively one-

third and two-thirds of the way through the buildup. These were

determined to be Section 2.0, Operation 50 and Section 4.0, Operation 8

Surface areas which are contacted should be sampled as soon as
possible after the assembly procedure calls for the contact to be
made, These sample points were determined to be Section 1.0,
Operation 90; Section 2.0, Operation 50; Section 3.0, Operation 90;
Section 4.0, Operation 80; Section 5.0, Operation 60; Section 6.0,
Operation 30 and Section 8.0, Operation 20. Another point of interest
is Section 9.0, Operation 10, which is just before the canister cover
is assembled to completely enclose the CMIM. Only the ocutside surface
of the aeroshell assembly is exposed between Section 6.0, Operation 30

and Section 9.0, Operation 10.

Henceforth, the sample points will be referred to as Estimation

Point 1 through 9, in accordance with the following definitions:

Estimation Point Section Operation Number
1 1.0 5
2 1.0 90
3 2.0 50
b 3.0 90
5 k.0 80
6 5.0 60
T 6.0 30
8 8.0 20
9 9.0 10



TII Zoning

A'

Classes

A study was conducted to determine which areas are contacted by
assemblers during a buildup, and the results are documented in

the Task T* report (AVSSD-0303). Tt is assumed that the contacted
areas will be the most heavily burdened, and for the purpose of
coupon quantity determinations (Section IV) the assumption that

the contacted areas have the highest variation of burden is used.

The analysis plan (Section VII) treats the problem as though

burden can exist only at discrete levels. These classes of con-

tamination levels were defined by means of biologicél and

engineering judgments of bacteriologists familiar with the CM™

and the assembly procedures.

The following classes were defined.

A, Handled (contact) areas were assumed to have the heaviest
burden level,

B. Areas subject to direct fallout in a laminar flow chamber
were considered to have moderate burden.

c. Areas subject to indirect fallout in a laminar flow chamber
were considered to have a light burden.

D. Uncontacted areas subject to no fallout were considered to have

8 very light burden.

In the analysis all surface areas classified within the same class

(A, B, C, or D) will be considered to have the same level of burden.

Breakdown of Surfaces into Zones

Using the preceding definition, the surface areas of all the assem-

¥ "Assembly of the CMIM Tor purposes of determining areas of contact
during the assembly process.
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blies and the assembly operation procedures were reviewed in order
to define and classify zones. Contact areas were classifed as
Type A zones, non-contact areas facing horizontally upward as

Type B, vertical and slanted non-contact surfaces as Type C, and

non-contact areas facing downward as Type D.

During the buildup operations, some areas become occluded, mated,
or otherwise inaccessible, With respect to these considerations,
the zones were further subdivided. As a result, the seventy-five
zones which are defined in Appendix B were established. The
classifications of some zones change as the buildup progresses and

areas become contacted, mated, occluded, or otherwise inaccessible.

" Appendix B classifies all seventy-five zones for each of the

operations at which an estimate is to be made.

Computation of Surfaces Areas.

It was necessary to compile a list of all the surface zone areas

in order to properly distribute the coupons (Section IV) and to
analyze the data. This information was not available and had to
be computed by the team working on Task 11, Many of the dimensions
had to be measured directly from the hardware. Appendix B includes

the computed areas.

The time restriction made it necessary to estimate many zone areas



without actually measuring dimensions. Appendix B indicates

where such estimates were used.

Iv. Distribution of Sample Points.

A.

Conditions

The following conditions and definitions were established as &

statistical basis for the coupon allocation plan:

1.

The open CMIM surface areas at a given assembly stage
in the SADL facility are defined to be identifiable areas
which are exposed and accessible to the "coupon" method

within the normal defined operations of the assembly process.

The various segments of the open CMTM surface areas at a
given assembly stage can be consistently categorized into
one of the following expected burden level zones: (a) heavy
due to potential personal contact, (b) moderate, (c) light,

or (d) very 1light.

Independent burden estimates are to be derived relative to:
(a) total open CMTM surface areas at five defined assembly
stages, and (b) potential personal contact open CMTM

surface areas at four additional defined assembly stages.

The total number of coupons to be assayed in a given CMIM

assembly in the SADL facility is defined to be 500.



The above conditions and definitions establish a statistical basis
for a coupon allocation plan by specifying the populations to be
sampled, i.e., the defined open CMIM surface areas at the nine
defined assembly stages, and by defining the important factors

for preparing a definitive coupon allocation plan, i.e., estimation

points, total number of coupons to be assayed, etc.

Coupon Allocation Plan

The respective open CMIM surface area burden estimates to be

derived would have measurable degrees of precision., The latter
could be represented by expressing the statistical estimates in the
form of confidence intervel estimates, i.e., pairs of burden values
which respectively boundi the true burdens being estimated with a
defined probability. In this form, the precision is reflected by the
relative width of the intervals (the wider the width, the less precise

the estimate).

There are several factors that influence the described precision

of estimates. An obvious one is the sample size or number of coupons

associated with a given estimate. Another factor is the inherent

variability of the burden distribution relative to the open CMIM
surface areas sampled (the greater the variability, the less pre-
cise the estimate). The essential objective of the coupon alloca-
tion plan was to apportion the 500 available coupons such that the

precision of estimates would be maximized considering the several
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influencing factors.

Critical to an efficient plan for achieving the above objective
is the basic sampling selection procedure to be used. A common

procedure is the one based on complete randomization., This pro-

cedure consists of selecting a given number of coupons at each of
the nine defined assembly estimation points, each group of coupons
(sample® béing randomly representative of the defined surface aresa
population. An alternative selection procedure is that based on

stratified randomization. This procedure consists of subdividing

(zoning) the respective surface area populations into subpopu-

lations and selecting a given number of coupons (subsamples) from

the respective subpopulations. It can be shown that at a given
estimation point, if the identified subpopulations are different

in expected burden levels, the stratified randomization procedure
results in overall burden estimates of greater precision (Reference 1).
Since the conditions and definitions given inIy A establish a basis
for the stratified sampling procedure, the coupon allocation plan

was based on this optimum sample selection method.

Consistent with the above and considering each of the nine estimates
to be derived to be of equal importance, the objective of maximiz-
ing precision could be achieved by implementing the following appor-

tionment formula: (References 1 and 2),
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(1) npa (50)
2"
i=1

where ny = the number of coupons to be apportioned to the ith gyp-

population (surface areas of 1like zone at a given estimation point),

a4 = the area size of the ith subpopulation,
sy = the standard deviation (measure of burden variability)

of the i'B subpopulation,
Y = mathematical symbol for "summed over,"
k = the number of identified subpopulations,

i = the identifying number of a given subpopulation, i.e.,

i= 1,2,3,0.0k-

A practical modification was made to the above formula due to the
expected gross disparity in subpopulation apportionment. Thus,

it was anticipated that some subpopulations could have more than 60
coupons allocated, whereas, other subpopulations could have less
than 7 coupons allocated. Both conditions represent extremes from
the statistical estimation point of view (small gain of information
for additional samples over 60; large loss of information for
samples less than 7), The modification‘therefore was to establish

truncation points at 60 maximum, 7 minimum.
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It is noted that the defined allocation formule requires known
standard deviation (sj) values. Estimates of these values are not
available, and therefore comparable relative variability factor
weights were constructed on the basis of biological judgment.
Essentially, this consisted of scoring a relative variability
factor of 1 to 8 to the various subpopulation zone categories.
These factors to be symbolized as s{ would therefore represent
preliminary estimates of the §; values defining the minimm

S§ = 1. Although justified for initial allocation, the resulting
apportionment of the 500 coupons, utilizing these factors, should
be considered preliminary and subject to revision as definitive

assay data becomes available.

CMIM Information and Data

Table 1 presents the CMIM hardware and assembly process information
and data pertinent to the implementation of the coupon allocation
plan. The material in this table comes from Appendix B.

Essentially it presents the following:

1. Column (1) identifies the various open CMIM surface area
segments which at one asSembly stage or another in the SADL
facility are exposed and accessible to the coupon method of

assay.

2. Column (2) gives the area dimensions of the respective open

CMM surface area segments identified in Column (1).
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3. Columns (3) through (11) correspond to the nine CMIM assembly
stage estimation points as defined in the Section II B.
Columns  (3), (5), (7), (9), and (L1) are those associated
with the total surface area estimates- and Columns (4), (6),
(8), and (10) are those associated with the potential personal
contact surface area estimates. At the respective columns,
the expected burden level categories (zones) into which the
applicable surface area segments were classified are given

in accordanc> with the following code:

A-1  Heavy burden zone, due to potential personal contact

(initial contact).

A-2 Heavy burden zone, duz to potential personal contact

in the previous assembly stage.

A-3  Heavy burden zone, duc to potential personal contact

two assembly stages bafore.

A-N  Heavy burden zone, due to potential personal contact

N-1 assembly stages before.

B Moderate burden zone.
C Light burden zone
D Very light burden zone.

Table 4-2 presents the relative variability factors scored for the
various expected burden level zones. Essentially based on biologi-
cal judgment, the factors assigned reoflect the reasonable condition

of maximum variability in burden distribution for the A zones and
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TABLE L-2

RELATIVE VARIABILITY FACTORS ! (s¥) PRELIMINARY
BY OPEN CMIM SURFACE AREA BURDEN LEVEL CODES

(See Text)
ZONE VARTABILITY FACTOR
A-1 | ' 8
A-2 7
A-3 6
A-bL, A-5 5
A-6, A-7, etec. I
B b
c 2
D 1

The factors are estimates of the relative variability of the burden
distribution within open CMIM surface areas of like zones. These

estimates were based on biological Jjudgement pending definitive assay
data,.
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the minimum variability in burden distribution in the very light D

zones.

Coupon Allocation Plan Implementation and Results

Table 43 presents the calculation and results in the implementation
of the coupon allocation plan. Columns (1), (2), and (3) identify
the subpopulations of the open CMIM surface areas at the respec-
tive assembly stage estimation points. For example at Estimation
Point #3, (defined in Appendix A as immediately before the asro-
shell assembly), the total open CMIM surface areas are subdivided
into five subpopulatiuns. These five consist of the area segments
classified into the A-1, A-2, B, C, and D burden level types.
Similarly, the subpopulations are identified for the remaining

assembly stage estimation points.

Colums (4) and (5) give respectively the area sizes (aj) and
variability factors (s?) of the associated subpopulations. Columns
(6), and (7) give the calculations for implementing the apportion-

ment formula.

The final results of the coupon allocation plan are given in Column
(8). These results reflect the application of the truncation points
60 maximum, 7 minimum. The latter resulted in 5 unassigned coupons.
As noted, these were distributed over fiv~ subpopulations in which

relatively low apportionment occurred.
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TABLE 4-3

CMIM COUPON ALLOCATION PLAN IMPLEMENTATION AND RESULTS

SUB POP,  EST. AREA VAR, UNADJ. FINAL
NO. PT,  ZONE (sq in) FACT a: s¥ ALLOC, ALLOC,
(i) (a;) (s* P (my)

1 1 D 165,243 1 165,243 93 60
2 2 A-1 588 8 L, 704 3 7
3 3 A-1 1,308 8 10,464 6 7
It 3 A-2. 588 7 4,116 2 7
5 3 B 2,671 L 10,684 6 7
6 3 c 49,905 2 99,810 56 56
7 3 D 56,113 1 56,113 31 31
8 L A-1 2,502 8 20,016 11 12\'/
9 4 A-3 588 6 3,528 2 7
10 5 A-1 240 8 1,920 1 7
1 5 A-2 2,502 7 17,51k 10 11\|/
12 5 A-4 576 5 2,880 2 7
13 5 B 1,690 i 6,760 L 7
1k 5 o 65,013 2 130,026 73 60
15 5 D 30,926 1 30,926 17 17
16 6 A-3 2,502 6 15,012 8 9\'/
17 6 A-5 448 5 2,240 1 7
18 7 A-1 8ok 8 6,432 L 7
19 7 A-L 2,502 5 12,510 7 8\'/
20 7 A-6 448 L 1,792 1 7
21 7 B 1,455 L 5,820 3 7
22 7 c 64,707 2 129,414 73 60
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TABLE L-3  (Continued)

CMTM COUPON ALLOCATION PLAN IMPLEMENTATION AND RESULTS

SUB POP, EST. AREA VAR. UNADJ . FIN
NO. PT, ZONE (sq in) FACT ay s’{ ALLOC, ALL
(1) (a;) (s:) (mz)

23 7 D 28,945 1 28,945 16 17
ol 8 A-1 521 8 4,168 2 7
25 9 C 39,445 2 78,890 Lk NN
26 9 D" k2,800 1 42,800 2k 2k

TOTAL.......892,727 500 500

\'/ = An additional coupon was allocated for complete utilization of

4-22

the 500 coupons.



E. References
(1) Statistical Methods Applied to Experiments in Agriculture
and Biology, George W. Snedecor, Iowa State College Press,

Ames, Towa, Fifth Edition.

(2) Statistical Analysis in Chemistry and the Chemical Industry,

C.A, Bennett and N.L. Franklin, John Wiley & Sons Inc., 1954

V. Allocation of Coupons

A, Assay Poinfs
Whereas Table L3goes as far as assigning sample si;es (coupoh
quantities) to the zone classes for each of the nine estimation
points, the task of allocating these quantities among the seventy-
five zones still remained. The general policy was to distribute
the quantity for each class (for a particular estimation point)
among all the zones of that class according to the surface areas
and configurations of the zones, i.e., configuration permitting,

quantity was made proportional to area.

The results are shown in Appendix B, where the number of coupons to
be removed for assay from each zone at each estimation point is

listed.

B. Dummy Coupons
Three considerations led to desirability of attaching more coupons

than are allocated in Table L4-3 and in Appendix B.

1. Personnel working on and around the CMTM can bias results
because of their conscious or subconscious awareness of

coupons. This bias can be reduced by attaching additional
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coupons along with the ones to be assayed. These additional
coupons will serve only as decoys and will be removed from
all surfaces just prior to occlusion. They will not be

assayed.

2. In case some coupons fall off during assembly, are damaged or
for some other reason cannot be assayed, the availability of

other coupons which can be substituted is desirable,

3. Additional coupons may be desired for special studies which
mey take place. One such study is the quarantine period des-
cribed in Sections VI, B and C. Approximately twice as many
dummy coupons as assay coupons were assigned to each zone.
More dummy coupons were attached where the surface areas were
too small. Appendix B indicates in parentheses the quantity
of dummy coupons and the stage of assembly at which they are

to be removed.

Coupon Identification

Appendix B cells for 1390 coupons, including the dummy coupons. A
five character code will be used for identifying each coupon, and
it will also identify the subsystem assembly and location. The
first character will be a letter identifying>the subsystem assembly
or part to which the coupon is attached. The letter A will indi-
cate that the coupon will be attached to part of the aeroshell, B
to the band assembly clamp, C to the sterilization canister, D to
part of the seven dummy chassis or live data encoder, I to the
impact limiter, M to the deorbit motor, O to the motor clamp, P
to the parachute canister, R to the relay link antenna, S to the

payload structure, and U to the umbilical chord assembly.
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Quarantine Considerations
During some buildups a quarantine period will be required after
the CMIM is built. Tts purpose will be to determine the effect

upon microbial load of leaving the assembled CMTM in quarantine.

The basis of comparison will be the results obtained@ from the
data of Estimation Point #7. Therefore, the same quantity of
coupons should be removed for the post quarantine period as for

Estimation Point #7 and they should correspond.

Appendix D lists the coupons to be removed for assay after the
quarantine period. Each coupon listed in Appendix D corresponds
to a coupon in the Estimation Point #7 schedule of Appendix C.
The Appendix D schedule was prepared by selecting each coupon

as close as possible to its corresponding coupon in the Esti-
mation Point #7 schedule. Random Selection, therefore was not

used.

When a quarantine period is to take place, there will be no
dummy coupon removal at Estimation Point #7. The dummy coupons
scheduled for removal during this operation will be removed after

the quarantine period instead.

Recording of the date and time of coupon removals for assay will
also be required after the quarantine. The coupons to be assayed

should be removed before the dummy coupons are removed.

Modifications

In order to determine or verify the effectiveness of the costly SADL

facility, data will be accumulated from a series of buildups outside
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the SADL. Some of these buildups will take place in an open high

bay area, while others will take place under a laminar flow tent.

These special assembly operations will not be preceded by a TA or
FA test, and the CMIM will not be installed in the sterilization
canister. To maintain a basis for comparison, the removal and assay
schedules of Appendices C and D will apply, but slight modifications

will be imposed by the different set of conditions.

There will be no coupons removed for assays scheduled for Estimation

Point Numbers 1, 8 or 9. There will, of course, be no coupons

attached to or removed from the sterilization canister.

D. Suggested Data Forms
Another Task 11 requirement was the design of forms for recording
raw data pertaining to hardware, environment, and personnel assays.

A set of suggested forms appear in Appendix F.

VII. Analysis Plan

A. Statistical Basis

Each of the nine definitive experiments can be represented as shown in
Table 4-l Thus, at a defined CMIM assembly stage, Table 4 repre-
sents the open CMIM surface area populatiun as consisting of

k (k&1) subpopulations (zones). The number of coupons initially
attached to the respective subpopulations are represented by ni'

(i=1,2, ..., k).
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structure, and U to the umbilical chord assembly.

The next two characters will be a two digit number to identify
the zone. The final two digit number will identify the coupon
number within the zone. As an example, coupon number AOL-O7
represents the seventh coupon of the fourth zone of the Aeroshell

assembly, See Figure 4-1.

Hardware Code _1\

Zone Identification I I

Coupon Number

Figure k-1, Identification of Coupons

Zones 1 and 2 of the Aeroshell are the only zones which have more
than 100 coupon assignments. An X as the second character will
be used to indicate a coupon number between 100 and 199, and a

Y will indicate a coupon nmumber between 200 and 299. As examples,
the first coupon of zone 1 will be identified as A01-0l1, the one

hundred and first as AX1-0l, and the two hundred and first as

AY1-01.

Coupon Locations
One of the accomplished tasks was the identification of coupon
locations on the subsystem assembly surfaces. The locations for

425




VI.

Coupon

1390 coupons were marked on the hardware surfaces. Coupon identi-
fication numbers are also marked on the hardware surfaces at

proper locations.

Appendix G. contains subsystem assembly drawings which illustrate
the coupon locations. ' The number of coupons in each zone can be

taken from either Appendix B or Appendix E.
Removal Schedule

Removal Seqﬁence

The experiment design (Section IV) requires that a given quantity

of random samples be taken from the different zones during specified
operations in accordance with Appendix B. By means of random number

sequences the schedules of Appendix C were created.

The schedules list the coupons to be removed for assay during
each of the nine operations. The schedules of. Appendix C also
list the zones from which dummy coupons are to be removed during
each operation. All coupons are to be removed from zones about

to become occluded by the assembly operation to follow.

At each of the nine operations calling for coupon removal, the
coupons which are to be assayéd should be taken off the CMTM
hardware first. They must remain identified, and the date and
time of removal should be recorded. If a coupon designated for
removal and assay is lost, accidentally falls off its surface, or
for some other reason cannot be used for an assay, the nearest
dummy coupon can be substituted. Appendix E identifies which

are the dummy coupons.
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Fach subpopulation is initially represented as consisting of Ni
surface area elements, each element defined to be of the coupon
constant area size (Ae, sq. in.). Accordingly, the Ni can be

calculated as follows:

th

where A; = the area size of the i subpopulation (sq. in.).

The adjusted subpopulations for which the microbial burden esti-
mates are to apply are represented as consisting of N; elements.
This adjustment is required since portions of the subpopulations
became occluded areas upon initial attachment of the N; coupons.
Accordingly, the N; can be calculated as follows:

- ni

S
(2) N, = N

The true (although unknown) microbial burdens of the Nj surface

1
The number of coupons initially attached to the ith subpopulation
includes dummy coupons, cougons that may have been previously
detached relative to the it ‘subpopulation, etc. Essentially this
condition precludes the CMIM surface areas covered by coupons from
the defined subpopulations. This is Justified since the coupon

~assay data would not be representative of the covered surface areas.
Precluding the latter, the burden estimates in effect assumes that
the initially covered areas have zero burden. Biological judgment
therefore, would be required for either, (1) validating the assump-
tion by the coupon sampling procedures used; or (2) adjusting the
burden estimates where deemed necessary.
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area elements are represented as Xil’ XiQ’ o o o Xi Ny 2 with associ-
ated average and variance (measure of variability) paramters,’ki and Oif,
respectively. The total microbial burden of the ith subpopulation

(Bi) can therefore be represented as follows:

=Ni r-i )

where the Ni = the number of surface area elements in the ith

subpopulation, rL i = the average microbial burden per defined

element.

The total microbial burden parameter (Bt) at the defined CMTM

‘assembly stage can also be represented, as follows:

(1) B,

Nlr“l + Narle e e o oo Nk‘&k
iNi B
1l

.

1=

where 2: is a mathematical symbol for "summed over".

The random samples of the Ni~ surface area elements, as essentially
simulated by the detached coupons, are represented by the ni sam-
’ples. The microbial burden values of the n; assayed coupons are
represented as X412 Xypr ¢ o 0 0 X4 nqe The objective of the exper-
iment is to derive, on the basis of the latter assay data, best
estimates and 90 percent confidence interval estimates of the respec-

tive B; and By parameters as represented.

4=31




Procedure
For deriving the required burden estimates, estimates of the "i

2
and d; parameters are needed. DBased on the Xi12 Xipr 00 o Xy ny
assay data, these estimates can be directly derived (the equiva=-
lence between the surface area element and coupon area size is

noted). The estimates, represented as §i and s% respectively in

Table 4, are calculated as follows:

- 04
(5) Xy = Z X5 3 /nj_
J=1
5 n
and (6) s =&n; i x 2 -

n, 2
j=1 13 = x n, (n, =1
" E%é ij i Vi

The best estimate of the total microbial burden of the ith gub-

population can be derived as follows:
(7) by =N X

where bi denotes the best estimate of Bj.

An upper bound estimate (90 percent confidence) of Bi can be derived

as follows:
-
(8) bi, 90 =P1t tsbi
~/
vhere bi 90 denotes an upper 90 percent confidence limit estimate

of Bi’ i.e., a burden value bound which will exceed B; with probabilit;

.90 under the assumptions of the analysis.
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t= a statistical tabular factor, i.e., "Student" t table.

2 o ny
s% ={N;" sy /ni 1-

The best estimate of the total microbial burden (Bt) can be derived

as follows:
k
(9) ®, = -_>_- Ny %
i=1

where bt denoted the best estimate of Bt'

An upper bound estimate (90 percent confidence) of Bt can only be

o/
approximated for k>1 (for the case, k ® 1, the b; .90 estimate

would apply). The suggested approximation to be used is as follows:

(¥ k - ? k 2 1
(10) Dre g0 = z N,ox3 +t 2 Sy, » (1)
i= 1 i= 1

-
where bt ~.90 denotes the approximate upper 90 percent confidence
, L

limit estimate of Bt'

X 2 k 2
t! =z sbj_ ti-, .#2 sbi » (k>1)
i=1 i=1
where ti, .90 = the statistical tabular factors used in deriving
A\ 4
bi, .90°
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An important assumption in the above analysis plan relates to the
distribution form of the trweburden values of the surface area
elements in the respective subpopulations. The assumption is that
these distribution forms are in accordance with the familiar Gaussian,
i.e., bell-shaped or normal, Distribution Model. A prerequisite
requirement of the presented analysis plan is therefore, to perform
preliminary evaluations relative to the experimental assay data
derived fof determining whether the distribution form assumption is

reasonable,

In outlined form, the preliminary evaluations can be performed as

follows:

1. For the larger samples of the respective subpopulations, i.e.
ni>30, prepare tables of the respective groups of assay data
in original units of measurement, i.e. number of organisms
per coupon, and several transformations of these values, i.e.

logarithmic, square root, arcsine, etc,

2, For the respective groups, plot the data on normal probability
graph paper, Normaiity would be indicated if the respective
groups of data of similar measurement units (transformed or

untransformed), plot reasonably straight.

3. If the above procedure does not leal to a reasonable con-
clusion, more sophisticated methods can be used, i.e. Bartlett's

Goodness of Fit Test, etc. (see references).
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The presented analysis plan can be directly implemented whether

the coupon assay data is in original measurement units or converted
by some appropriate transformation. TIn the latter case, the only
additional requirement, other than performing the transformations
of the experimental assay data generated in the experiment, is to

perform the reverse transformation on all final estimates derived

in the analyses.

It is noted that the above analysis plans relate solely to deriving
burden estimates at the respective nine assembly stages, and do not

relate to statistical comparasions of these various estimates.
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VIIT

Illustrative Example

For further clarifying the presented procedures and tables, the following

series of steps which would lead to burden estimates at Estimation Point

#3 in the CMIM assembly is given:

l.

The requirement to derive burden estimates at Estimation Point
#3 is identified by the coupon removal operation specified in
Section 2.0 Operation 50 of Appendix A. (CMTM Assembly Pro-

cedure).

The number and identification of the coupons to be rémoved at
Estimation Point /3 are specified in Appendi# o (Coqpon Removal
Schedule). Thus, one hundred eight (108) coupons are identi-
fied to be removed for assay, i.e. AO0l-10, AQl-12., =--====-
U03-09. Also identified are the 64 dummy coupons to be re-
moved, i.e. two AO9 coupons, one BO2 coupon, etc. Since the
latter represent all remaining coupons in a given area segment,

their identification is established.

The location of the coupons to be removed at Estimation Point

#3 1s established with an understanding of the five character
codé system used for coupon identification (see V-C), and

the information provided in Appendix G. For example, the AOl-10
coupon is located as follows, (a) the first character in the
identification code is A, therefore an Aeroshell drawing in
Appendix G is indicated, and (b) the remaining characters in
the identification code is Ol-Lo,which would be included in

the "coupon distribution" information provided in the specific

Aeroshell drawing which locates the coupon.

4-36




The data derived from the assays performed on the coupons
removed at Estimation Point #3 would be recorded on data
forms as suggested in Appendix F. The data would be subse-
quently screened, reduced and compiled for analysis by the
methods given in the analysis plan (see VII -B, i.e., x
number of organisms per Estiﬁation Point #3 coupons assayed

by zone category (subpopulation).

Assuming that the assay data, in original or transformed
measurement units, meet the statistical assumptions of
normmality (see Page 2L4), the averape (X) and standard
deviation (s) estimates would be derived fof the respect-
ive zone categories of Estimation Point #3 in accordance

with equations (5) and (6).

The best estimate and the 90 percent confidence upper bound
estimate of the respective zone category burdens at Estimation
Point #3 in accordance with equations (9) and (10) respec-

tively.

The best estimate and the 90 percent confidence upper bound
estimate of the defined total burden at Estimation Point #3
would be derived in accordance withvequations (9) and (10)
respectively.
NOTE: It is noted that in Step 2 above, Appendix
C is referenced for specifying the identity
of the coupons to be removed at Estimation
point #3. The information of Statistical

Tablek-3, Appendix B,and Appendix E are con-

sistent with these coupon identifications.
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Statistical Table (4-3) shows the basic final allocation of
coupons to be assayed at Estimation Point #3 by zone
category, i.e., seven (7) for the A-1 zone category,

seven (7) for the A-2 zone category, etc. The total

of these allocations is one hundred eight which is consis-
teut with the nuﬁber of coupons to be removed for assay

shown in Appendix C.

Similarly, Appendix B shows the basic apportionment of

the assay coupons allocated for Estimation Point #3 among
the area segments which comprise the various zone cate-
gories. For eﬁample, the seven (7) coupons allocated for
the A-2 zone are shown to be apportioned as follows: five
(5) for the DOl area segment and one (l) for each of the
DO6 and SO7 area segments. Appendix B also shows the
number of dummy coupons to be removed at Estimation Point
#3. It is noted that in the summary portion of Appendix B,

th

0]

total number of coupons to be assayed, i.e., 108, and
the total number of dummy coupons to be removed, i.e., 6L

are consistant with Appendix C.

Appendix E shows the disposition of the entire thirteen
hundred ninety (1390) assay and dummy coupons used in a
given CMIM assembly. Accordingly, the consistency of
Appendix E and Appendix C is shown by the corresponde.ce
of the coupons to be removed for assay and the dummy
coupons to be removed at Estimation Point #3 shown in

these two appendices.
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Appendix A

SUGGESTED CMIM ASSEMBLY PROCEDURE

(REF, JPL PROCEDURE CMIM 100.01)

A-1/A-2
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APPENDIX B

DESCRIPTIONS OF SURFACE AREAS ,

ZONES, AND COUPON QUANTITIES.
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CMIM STERILIZATION PROGRAM

DEFINITION OF ZONES AND COUPON QUANTITIES

CLASSIFICATION OF ZONES:

A-1. Heavy burden, initially handled area.

A-2, Heavy burden, area handled in previous assembly stage.
A-3, Heavy burden, area handled two assembly stages earlier.

A-M, Heavy burden, area handled M-l assembly stages earlier.

B. Moderate burden, direct fallout, horizontal upward flat surface,
ridges, flanges.

c. Light burden, indirect fallout, vertical or slanted surfaces.

D. Very light burden, downward or inside surfaces.

M. Mates Surfaces.

O. Occluded Surfaces.

I. Tnaccessible surfaces, not occluded or mated.

NOTE:

1. The numbers of dummy coupons, which are to be removed but not assayed,

appear in parentheses.-

2. An asterisk (*) indicates where a zone is handled just prior to the
corresponding estimation point.

3. Surface area values which were estimated without measurements are
denoted by the letter E.

L, Definitions of estimation points appear in Section II B of the text.
(Part U)

B-3
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CMIM STERILIZATION PROGRAM

DEFINITIONS OF ZONES AND COUPON QUANTITIES
(See explanatory notes on Page 1 of this Appendix)

Quantity of coupons to be removed and Total
Part |Zone Surfacg)Area Description of| =zone classification at each estimation Coupon

(In. " Area point. Quantity
1 2 3 b 5 6 1T 8 9

Aeroshell A0l 25,345 Outside sur- 5 0 171 O {17 0 |16 0 2l 210
face including

the apex and 131)

conic section

(Frustum)

Aeroshell | AO2 12,700 OQutside sur- 3 . 0
face cylindri-

cal section. (69)
Subject to less
fallout than
zone 1, but
there is a
higher proba-
bility of humany
contamination,
e.g., from
coughing, snee-
zing, and accid
dental handling D C c |C C C |C C C

(@0]
o
O
o
O

(@}

}_l

o

108

Aeroshell. | AO3 ko6, Internal sup- 1 0 113 2 1 2 0 0 30
port ring cy-
linder, outsidg
surface, y *
145° sector. D D|{ o |a1la2]| a-Fa-k]| 0o | O

(20)

Aeroshell | AOk 406, ~ |Internal sup- 1 0 1 2 2 2 2 0 0 32
port ring..cy=

inder outside . (22)
u:ro'face X *- *
kS5~ sector. D D D {A-1}A-2]A-3]A-b} O 0

Aeroshell | A0S | L4o6. (Internal sup- .| O 0 12 2 1 2 0 0 30
port cylinder
outside sur- (22)
race, -y + 45°| *
sector. D D D | A-1]|A-2] A-F AL} O 0

Aeroshell | AO6 Lo6. Internal sup- 0 0 112 3 2|1 0 0 30
port ring cy-
linder outside (21)
surface, - X
5% sector. D pl » a1 | a-2]as3{aks|l ol o

B-4
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CMI'M STERILIZATION PROGRAM

DEFINITIONS OF ZONES AND COUPON QUANTITIES
(See explanatory notes on Page 1 of this Appendix)

Quantity of coupons to be removed and Total
Part |zone Surfacg Area|Description of zone classification at each estimation

(In.%) Area point.
1 2 3 b 5 6 "7 8

oshell| AOT Lo8kL Internal sup- 1 ‘0 010 0 o]0 0 0 3
port ring cy- | (2)
linder inside

surface (360°)
and inside of
flange, plus

portion of in-
ner surface of
shell bounded )
by the cylindef D D D}JoO 0 0o 0 0

Coupon
Quantitxh

oshell| AO8 373 Internal sup- 0] 0 0 0 0 0 0 0 0 0

port ring '
flange top and
edge, plus cont
nectors and
brackets. D D D

Ok
o
o
o
o
o

>shell | AO9 287 Internal sup- 0 0 14{0 0 01| o 0 0 3
port ring (2)
flange bottom. D D D M M MM M M

>shell } A10 20,000 Inside surface| L 0 5 0 8 0] 10 0 0 90
of shell, ex-

cluding portio: (63)
bounded by in-

ternal support
ring cylinder

at the apex of _
the shell. D D DD D D|D 0] 0]

=4

>shellt A1l 16,960 Inside surface 3 0 5 0 11 o[ 11 0 0 90
of shell, cy- .

lindrical sec-
tion, plus
bottom of
aeroshell. D D D| C C C C 0 0

(60)

»shell | A12 1378 Both shells 0 0 1 0 1 0 2 0 0 10
around attitude 6
control tanks ( )
including the
support brac-
kets and elec-
trical connec- D
tors.

14
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CMIM STERILIZATION PROGRAM

DEFINITIONS OF ZONES AND COUPON QUANITIIES
(see explanatory notes on Page 1 of this Appendix)

Quantity of coupons to be removed and Toi
Part |7one Surfacg Area|Description of zone classification at each estimation Con
(In.) Area point. Qu
1 2 3 L 5 6 7T 8 9
Aeroshelll A13 1464 Two spherical 1 0 1] o 1 0 é 0 0 12
' attitude con- (8)
trol tanks. D D D} D D D] D 0 0
Aeroshelll Alk 3OOOE Mated and 0 0] 01 O 0 0o} O 0 0 0
fayed surface
areas (total)
(x 2) M M M| M M M| M M M
Aeroshell| A15 1625 (a) Total 0 0 o} o 0 0] o0 0 0 0
number of
rivets =
3620,
(a) X (p) =
. o | (b) Total
1625 inches mated surface
contact area
per rivet
(x2) = 0.h45
(average). M M M| M M M| M M M
Aeroshell|Al6 190E Cabling and 0 0 0]l © 1 o 1 0 0 1<
Piping. (8)
D D D] C C c| C 0 0
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AEROSHELL ' -

Figure 4-2 ZONE DEFINITION ~ AEROSHELL OUTSIDE SURFACE



Page ¢, of 23

AEROSHELL Cinsioe view) -

%*
ZONES 3,4,5{_6 outside surface of inner ring
as pictured

Figure 4-3 ZONE DEFINITION - AEROSHELL INNER SURFACE
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AEROSHELL (ATTITUDE CONTROL SYSTEM)

2 BOTTLES AT X£-X AXIS AS PICTURED

Figure 4=4 ZONE DEFINITION - AFROSHELL - ATTITUDE CONTROL SYSTEM

B-9
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CMM STERILIZATION PROGRAM

DEFINITIONS OF ZONES AND COUPON QUANTITIES
(Sce explanatory notes on Fage 1 of this Appendix)

Quantity of coupons to be removed and Total“
Part |Zone Surfacg Area|Description of zone classification at each estimation Coupon
(In.%) - Area point. Quanti
1 2 3 L > 6 T 8 9
Clamp BO1 810. Outside and 0 ‘0 2 2 2 21 1 0 0 20
’ edges of * (11)
clamp. D D D|A-1 | A-2 |A-3 | A-L 0 0
Clamp | B02 | ké2. Inside and 0 o] 3/ 0] o0 of o | of o I
Backface. (1) %
D D 0 0 o © 0 0
E
Clamp BO3 68. Support clips 0 0 o] 1 0 1| © 0 0 2
turnbuckle,
nut & swivel *
bolts. D D D|A-1|A-2]|A-3]A-k 0 0
. E
Clamp BOL 540, Occluded areag O 0 0} o 0 o}l o 0 0 0
behind sup-~
port band. 0 ol o]l o o ol © ol o

B-10_
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CMIM STERILIZATION PROGRAM
DEFINITIONS OF ZONES AND COUPON QUANTITTES
(See €xplanatory notes on Page 1 of this Appendix)
Quantity of coupons to be removed and Total
Part |7zone Surfacg Area|Description of| zone classification at each estimation Coupon
(In.=) Areca point. Quantity
1 2 3 L 6 7 8 9
erili- Interior of 0 ‘o of o o] o ;5' 0 L
tion E umbilical (1
nister{ CO1 150. port D D | p | D |a-T 0
E
erili- 40,000 Interior of 0 0 o} o 0| © 01} 12 24
tion top of canis-
nister | CO2 ter. . (12)
(9] 0 of O 0 o D D
E
arili- 30,000, Interior of 0 0 0 0 0 0 0] 0 0
tion bottom of
nister { CO3 canister.
: (This is ex-
posed to at-
mosphere for
a very short
time only). 0 0 o]l o o] o 0 0
rili- 2800 Mating flange 0 0 o O 0f{ o 0| 12 30
sion of top of
1ister | colk canister. (18)
M M M|l M M| M D D
rili- 2800, Mating flange 0 0 o © 0] O 0] 10 30
iion o5 of bottom of
ister canister (al- 20)
though this
faces upward
horizontally,
it is exposed
to the atmos-
phere for a
very short
time only). M M| M| M M| M ¢ |c/o

B-11




CMIM STERILIZATION PROGRAM

DEFINITTONS OF ZOWES AND COUPON QUANTTITIES

Page

10

of 23

(see explanatory notes on Page 1 of this Appendix)

Quantity of coupons to be removed and Total
Part |Zone Surfacg ArealDescription of| zone classification at each estimation Coupon
(In.%) Area point. Quanti-
1 2 3 k 5 6 7T 8 9
Dummy DO1 392. Hendled areas{ O "L 3 L 6 0 0 8L
Chassis on panels of
& Data the 7 durmy (57)
Encoder chassis 2 x T
x (Txh) =
392
Sq. inches
*
D |A-1 |A-2 [A-3 |A-h |A-5 |A-6 | O 0
Durmmy Do2 2180 Unhandled port 2 0 17| 0 13| 0 15 10 0 70
Chassis tion of the ,
& Data front panels (23)
Encoder of the 7 dum-
: my chassis
and edges of
exposed panelg D c c C c C c 0 0
Durmyy DO3 320 Portions of 0 0 0 0] 0 0 0] 0 0] 0
Chassis the 7 dummy
& Data chassis which
Encoder mate onto the
payload assem-
hly. D M M M M M M M M
B
Durmy DOk 30,340 Internal sur- T 0 0 0 0 0 0 0 e T0
Chassis face areas of
& Data the 7 durmy (63)
Encoder chassis, inc-
luding all
wiring, elec-
trical compo-
nents, circuit
boards, etc. D 0 0 0 0 0 0 0 0
Dunmy D05 819E (a) Total no. 0 0 0 0 0 0 0 0 0 0
Chassis of rivets=1820
& Data (b) Average
Encoder surface area
' =0.45.
é:fg(_a)x(b) MMM M| M {M|M|M| M

B-12
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CMIM STERILIZATION PROGRAM
DEFINITIONS OF ZONES AND COUPON QUANTITTIES
(See explanatory notes on Page 1 of this Appendix)
Quantity of coupons to be removed and Total
Part |7zone Surfacg Areal|Description of zone classification at each estimation Coupon
(In.%) - Area point. Quantity
1 2 3 L 5 6 T 8 9 '

mmy D06 56. Handled areas 0 1|1 1 2 2 1 0
assis on the front (1)
Data panel of the
coder data encoder. *

2x(Txl)=56 sqi] D |A-1|A-2 |A-3 |A-L [A-5 |A-6 | O
mmy DOT 310. Unhandled por- 1 0 L 0 3 0 2 0 10
assis tion of the
Data front panel of]
coder the data enco-

der. D C C C C C C 0
my D08 L6, Portion of thel O oo 0 0 0 0 0 0
assis- data encoder )
Data case which
coder mates onto the

payload assem-

bly. D M M M M M M M
Ty DO9 k791 B Internal sur- 2 0 0 0 0 0 0 0 10
assils face areas of
Data the data enco-| (8)
coder’ der, including

all wiring,

electrical

components,

circuit boards

ete. D 0 0 0 0 0 0 0

B

my D10 117 (a). Total No. ‘
assis of rivets=260. o o | o 0 0 0 0 0 0
Data (b) Average ‘ :
icoder surface area=

0.L45.

(c) (a)x(p)=

117. M M M M M M M M

B-13



CMI'M STERILIZATION PROGRAM

DEFINITIONS OF ZONES AND COUFON QUANTTITTES

Page

(see explanatory notes on Page 1 of this Appendix)

12 of 23

*

Part

Zone

Surfacg Area
(In.%)

Description of
Area

Quantity of coupons to be removed and
zone classification at each estimation

point.

Total
Coupor
Quant:

1 2 3

L

T

8

Impact

Limiter

101

622,

Surface on top
of Impact Li-
miter whose
border is hor-
izontal circle
of radius=13.4]

1 0 1

(1)

0]

0

0

Tmpact

Limiter

I02

1308.

Three surfaces
containing
1ift hooks.
These are bor-
dered by the
horizontal cir
cles of radii,
13 .hn & 22.5"
and by arcs *
30°0of the
centerline of
hooks .

(22)

D D |A-1

0 30

. Impact

Limiter

I03

1282,

Three surfaces
on upper half
of Impact Li-
miter bordered
on top and bot
tom by circles
of radii 13.4"
& 22.5", resp-
ectively, and
not included
in zone IO2.

(26)

0 30

Impact

Limiter

ok

2565.

Surface of Im-
pact Limiter o
bottom half of
sphere whose

borders are

horizontal cir
cles of radii
22.5" & 13.4".
This surface 1
occluded by T
chassis.

Impact

Limiter

I05

622,

Surface on bot
tom of Impact
T.imiter whose
jborder is a

horizontal cir
cle of radius

134",

B-14



IMPACT LIMITER

Figure 4-5 ZONE DEFINITION - IMPACT LIMITER

B~15
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CMIM STERTLIZATION PROGRAM

DEFINITIONS OF ZONES AWD COUPON QUANTITIRG

Page

(see explanatory notes on Page 1 of this Appendix)

14

of 23

.

Quantity of coupons to be removed and Total
Part |Zone Surfacg Area|Description of zone classification at each estimation Coupo
(In.%) - Area point. Quant
1 2 L 6 7 8 9
Deorbit | MOL 306. Top of motor
Motor gbove clamp lo- 1 0 0 0 0 0 0 3
cation, (This | (2)
‘becomes occlud-
ed imediately
after assembly)
Plus mated sur-
face. D C C 0 0 0 0
Deorbit | MO2 1253. Side surface off 1 0 0 0 1 0 0 6
Motor motor beneath (h)
clamp location.] D D D D D 0 0
Deorbit {MO3 157k, Bottom of motor| O 0 0 0 1 0 0 3
Motor pend internal
shell area and (2)
inside tank. D D D D D 0 0
E.
Deorbit | Mok 500. rebling. (Not | O 0 0 0 5 0 0 10
Motor including the (5)
ronnectors ). D D D B B o o
E
Deorbit |MO5 25. Cabling Connec-| O 0 0 0 1 0 0 2
Motor Lors. (1) | *
D D D B B 0 0

B~16




CMIM STERIIIZATION PROGRAM

DEFINITIONS OF ZONES AND COUPON QUANTTITTES

Page 15 of 23

(See explanatory notes on Page 1 of this Appendix)

Quantity of coupons to be removed and

Total

Part |vzone Surfacg Area|Description of | zone classification .at each estimation Coupon -

(In.%) Area point. Quantity
1 2 3 6 7 8 9 B

otor 001 56.0 Outside and 0 o1l o 0 0 0 0 0

lamp edges. *

ssembly D D D I I 0 0

stor 002 54,0 Inside (occlu- | O 0 {o0 0 0 0 0 0

Lamp : ded).

ssembly D D D 0 0 O 0

Ytor 003 2.0 B Serews, etc. 0 0 0 0 0] o) o) 0

Lamp *

3sembly I I I 0 0] 0 0

B~17




DE-ORBIT MOTOR

Page 16of 23

L ZONE 3 (inside)

&
£§EEF- ‘a§;7
LR B

W % ZONE
L T\ZONE 4
- [
ﬂ,fff’//i::: ’

\ zZoNE 3 (inside)

Figure 4-6  ZONE DEFINITION - DE-ORBIT MORTOR
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CMIM STERILIZATION PROGRAM
DEFINITIONS OI' ZONES AND COUPON QUANTITIES
(See explanatory notes on Page 1 of this Appendix)
) Quantity of coupons to be removed and Total
art |Zone Surfacg Area|Description of| zone classification at each estimation Coupon
(In.) -~ Area point. Quantity
1 2 3 W 5 6 7 8 9
chute | POL 176. Top surface. 0 0 o] O 0 0 0 0 0 0
ster
D B B B I I I 0] 0
chute | P02 2ko, Bottom Surface}j O 0 0 0 T 0 0 0 0 18
ster (11)
D D D D |A-1] O 0 0 0
*
chute | P03 T60 Cylindrical 1 0 0 0 7 0 0 0 0 16
ster Side surface
(possibly a (8)
light contact
area). D c o C B I I 0 0
chute | PO4 21, Top flange. 0 0 0 0 0 0 0 0 0 0
ster ’
’ D B| B| B} I I I 0 0
chute | PO5 89. Bottom flange 0 0 0 0 0 0 0 0 0 0
ster *
D D D D M M M M M

B-19




CMIM STERILIZATION PROGRAM

DEFINITIONS OF ZONES AND COUPON QUANTITIES
(see explanatory notes on Page 1 of this Appendix)

Page

18

Quantity of coupons to be removed and Tote
Part |zone Surfacg Area|Description of zone classification at each estimation Coug
(In.%) Area point. Quar
1 2 3 L 5 6 7 8
E .
Antenna | RO1 19. Top Surface 0 0 1 3
Relay (Except portion
mated to pay- (2)
load)
D B B
Antenna [RO2 254, Bottom Surface | 0 0 3 6
Relay 3)%
D D A-1 . 0
Antenna | RO3 550 Cylindrical 1 0 L 15
Relay side wall
surface, (10)
*
D D D |A-1] O
E
Antenna | RO4 26k, Top surface 0 0 0 0
Relay mated to the
payload aessem- *
oLy . D D M

B-20



CMIM STERTLIZATTION PROGRAM

DEFINITIONS OF ZONES AND COUPON QUANTITIES
(See explanatory notes on Page 1 of this Appendix)

Page

19

of 23

Jart

Zone

(In.

Surfacg Area
)

Description of
Area

Quantity of coupons to be removed and
zone classification al each estimation

point.

Total
Coupon
Quantity

1 2

3

L

p)

6

T

8

load
embly

SOL1

366.

Portion of the
columns which
become mated
when the chas-
sis and the
data encoder
are mated.

3 0
(5)

load
y.

sS02

T022,

All the type C
areas which re¢
main exposed
after the com-
pletion of the
CMIM assembly.
This includes
the cylindrical
side wall and
bottom flange,
the struts
(inside and
out), the side
walls (both
sides) in the
mid-support
section, the
upper shelves
(top sides)
above the bays,
the portions
of the columns
between bays
which are not
mated, and the
exposed areas
of all brac-
kets.

(43)

rload
5V o

S03

26k,

€1}

The bottom
area directly
under the bays
which becomes
mated by the
assembly of
the antenna
relay.

B-21




-

Page 20 of 23

.

CMIM STERILIZATION PROGRAM

DEFINITIONS OF ZONES AND COUPON QUANTITTIES
(See explanatory notes on Page 1 of this Appendix)

Part

Zone

)

(In.

Quantity of coupons to be removed and Total

Surfacg Area}Description of zone classification at each estimation Coupc

Area point.

1 2 3k p) 6 T 8 9

Quant

Payload
Assy.

sok

il

1236,

The bottom ared 1 0 3 0 3 0 6 0 0 14
directly under|
the bays minus-
" zone SO03.

Payload
Assy.

S05

1635.

The de-orbit 0 0 3 0 2 0 1 0 0 16
motor mount
surface area (10)
excluding thosd
portions which
are occluded
by the para-
chute canister
and the motor,
i.e. the shelf
and internal
areas. D D D D D D D 0 0

Payload
Assy.

S06

12,

ID of shelf 0 1 0 2 0 0 0 0 0 6
hich becomes
occluded by the (3)
parachute can-
ister., This

surface is con-
ttacted during
pssembly of the
date encoder td *
bay 8. D A-1 A-2 ]A-3 0 0 0 0 0

Payload
Assy.

S0T

128,

D of motor 0 1 1 1 1 0 0 0 0 8
mount which be-
bomes occluded (&)
by the assembly
pf the motor.

'is is contac
ted during the’
hssembly of the)
Hata encoder ta

»*
pay 8. D A-1{A-2 |A-3 |A-L | O 0 0 0

B-22
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CMI'M STERILIZATTION PROGRAM
DEFINITIONS OF ZONES AND COUPON QUANTITIES
(See explanatory notes on Page 1 of this Appendix)
Quantity of coupons to be removed and Total
Part |Zone Surfacg Area|Description of zone classification at each estimation Coupon
(In.) Area point. Quantity
1 2 3 L 5 6 7 8 9

ayload| SO8 5798. The areas in- | 10| o o] o] o] ol o] o 0 48
SSY. side the bvays

which become

occluded by (38)

the assembly

of the dummy

chassis & data

encoder. D 0 0 0 0 0 0 0 0
ayload| S09 1k, Bottom surface{ O 0 0 0 0 0 0 0 0 0
S8y, of the motor

mount, which

becomes entiret

1y mated by thL

assembly of the

motor. D D D D D M M M M
ayload| S10. 7180. A1l the inter-{ O 0 0 0 0 0 0 0] 0] 0
S8V . nal portions

which are in-

accessible and

become occlud-

ed by the mat-t

ing of the

parachute ca-

nister., D I I I 0 a a 0 a
ayload | S11 922, The top flange] O 0 2 0] 0 0] 0 0 0 6
38¥. which mates to

the aeroshell (%)

and becomes

mated after

the aeroshell

assembly. D Bl B| M| M| M| M| u M
ayload | S12 2610 Portion which 3 0 0 0 0 0 0 0 0 6
38Y . mates to the

Impact Limiter} (3)

including the

bowl surface

and the rubber

receivers. D C 0 0 0 0 0 0 0

B-23




Page oo  of 23
CMIM STERILIZATTION PROGRAM
DEFINITIOHS OF ZONES AND COUPON QUANTITIES
(see explanatory notes on Page 1 of this Appendix)
. o Quantity of coupons to be removed and Tg;;
Par Zone Surfaca)Area Description of zo§e classification at each estimation Couyj
(In. Area point. ' Quar
1 2 3 kv 5 6 7T 8 9
payload 13 | 1500 All perman- o lololololofo o] o 0
Assy nently mated
surfaces.
M M M M M M M M M
Payload | S1k 900E (a) Number of 0 ¢ 0 0 0 0 0 0 0 0
Assy rivets=2000.
(b) Average
area=0.45. E
(a)x(b)=900". M M M M M M M M M

B-24



Page _23 ol" 23

CMIM STERILIZATION PROGRAM

DEMINITTONS OF ZONES AWD COUPON QUANTIWIRS
(see explanatory notes on Page 1 of this Appendix)

—_——LATT T T _._-,'.>,_.‘r... = = P S WP
Part 1 - o Quantity of coupons to be removed and Tolal
ar Zone uurfacg Area|Description of zoge classification at each estimation Coupon
(In.%) Area point., A Quantity
1 2 3 5 6 7 8 9
Umbilical{ UOL 255. Connector 210 {2 |o ol o}l of k| o 21
plate.
(13
e
D D D D D D D jA-1 0
Umbilical 02 116E Cabling at 0 0] 1 0 0 0 0 1 0 6
the connector ' (h)
plate area '
(i.e. the 5 *
connectors) . D B | B | B B B B [A-1 0
Umbilicalj UO3 795E. Cabling. 1 o] 3 0 0] C 0] 0] 0 9
5)
D B B B B E B B ¢
Umbilical |UOh EOE Connector at 0 0 0 0 0 0 0 0 0 0
Data Encoder. *
D I I I 0 0 0 0 0]
Total All} 75 | 249,346, CMIM and Canis-
Subassem. e 60 | 7 |108| 19 (109 | 16 |106 | T 68 500
blies (Including only]
the inside of
the Canister).
Total i1 0 ey | 3 231 0 k11| 18 250 890
dummy
coupons:
Total 181 7 {17222 }132| 16 {517 | 25 {318 1390
coupons :

B-25/B-25




APPENDIX C

COUPON REMOVAL SCHEDULE
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CMTM STERILIZATION PROGRAM

July, 1967

SADL ASSEMBLY OPERATION COUPON REMOVAL SCHEDULE Page 1 of 5

ESTIMATION POINT 1. DATE: » 19

(Section 1.0, Oper. 5)

To Be Removed For Assay:

TIME:

AO1-17 A10-45 DOL-53 PO3-13 S08-23
AX1-35 A10-55 DOL=l1 RO3-03 S508-29
AX1-55 A10-57 DOL-59 S01-01 S08-33
AX1-71 Al1-13 DOL-6kL S01-05 508-39
AX1-95 A11-43 DOT7-01 S01-08 S08-45
A02-35 A11-61 D0O9-02 S02-33 S08-47
A02-99 A13-01 D09-0T7 S02-55 S12-01
AX2-07 D02-53 T101-03 SOL-11 $12-03
A03-17 DO2-55 102-19 S08-01 S12-06
AOL=-29 DO4-17 103-29 S08-05 U01-01
AQT7-03 DOL-21 MO1-01 S08-10 U01-07
Al0-15 DOL=33 MO2-01 S08-18 U03-05
All Coupons Are To Be Removed From The Following Zones:
AOT (2)
Dok (63)
D09 (8)
Mol (2)
s01  (5)
S08 (38)
s12 (3)
ESTIMATTON POINT 2.
(Section 1.0 Oper. 90) DATE: ,19 . TIME:

To Be Removed For Assay:

DO1-45
DO1-50
DO1-75
DO1-77
D05-03
S06-05




CMIM STERILIZATION PROGRAM

SADL ASSEMBLY OPERATION COUPON REMOVAL SCHEDULE. Page 2 of 5

ESTIMATION POINT 3. Date: , 19 . TIME:
(sec. 2.0, Oper. 50)

To Be Removed For Assay:

A01-10 A02-TT B02-02 D02-67 S02-49
AO1-12 A02-92 B02-03 D02-69 S02-54
AO1-31 Ax2-0k BO2-0k DO2-T0 S02-56
AO1-45 A03-02 DO1-11 D0O6-10
A01-63 AOL-Ok DO1-20 DOT-0k 502-60
A01-80 A05-28 DO1-23 DOT-08 S03-02
A01-88 A06-24 DO1-32 DOT-09 SoL-08
AO01-95 A09-01 DO1-39 DOT-10 Sok-09
AX1-11 A10-51 D02-0k T01-05 Sok-10
AX1-18 A10-52 D02-05 102-0k S05-0k4
AX1-24 A10-56 D02-08 102-07 S05-05
AX1-LO A10-84 D02-28 102-10 S05-08
AX1-49 A10-88 DO2-L1 102-13 S0T7-02
AX1-53 A11-03 D02-43 102-1k4 S11-0k
AX1-T3 A11-10 D02-46 102-25 $11-06
AX1-99 A11-22 D02-L9 102-27 U01-05
AY1-08 A1-31 D02-52 103-02 Uo1-12
A02-16 A11-36 D02-57 T103-07 1U02-02
AQ02-28 A12-02 D02-61 103-23 U03-01
AO2-L42 A13-06 D02-63 S02-12 U03-0k
A02-53 BO1-03 D02-65 S02-20 U03-09
AO02-Th BO1-10 DO2-66 802-38
ALL COUPONS ARE TO BE REMOVED FROM THE FOLLOWING ZONES: A09  (2)
BO2 (1)
01 (W)
102 (22)
103 (26)
s11 (4
U03 g(s%\
ESTIMATION POINT L4
(sec. 3.0, Oper. 90) Date: , 19 . TIME:
AO3-11 A05-05 BY1-0 ’ -
A03-15 AG5-26 BOl-lg | ggi 3? DO6-11
2 - S06-0%
AO03-27 A06-£6 BO3-02
3 DO1-82 S06-0 &
AOL-11 A06-29
AOk-1T SOT-0k

ALL COUPONS ARE TO BE REMOVED FROM ZONE S06 (3 COUPONS).
C-4 e




CMTM STERILIZATTON PROGRAM July, 1967
’ SADL ASSEMBLY OPERATION COUPON REMOVAIL, SCHEDULE. Page 3 of 5
ESTIMATION POINT 5.
(sec. 4.0, Oper. 80) Date: , 19 . TIME:
To Be Removed For Assay:
A01-05 A02-T6 A11-06 D02-10 P02-12
A01-07 A02-89 A11-07 D02-13 P02-15
AO1-11 A02-97 A11-08 D02-16 P02-18
A01-23 AX2-06 Al1-17 D02-18 P0O3-02
AO1-25 A03-12 A11-37 D02-19 P03-05
A01-36 A03-25 A11-48 DO2-24 P03-06
A01-43 AOL-25 Al1-71 D02-27 P03-08
A01-49 AOL-28 A11-82 D02-30 PO3-11
A01-93 A05-0T7 A11-88 D02-32 P03-14
A01-97 A05-11 A11-89 DO2-34 P03-15
AX1-09 A06-09 A11-90 D02-38 $02-10
AX1-31 A06-15 A12-04 D02-40 S02-32
AX1-43 A06-25 A13-03 D0O2-68 802-37
AX1-57 A10-03 A16-03 DO6-01 S02-43
AX1-61 A10-08 BO1-12 DO6-0T S02-47
AX1-81 A10-26 B0O1-20 DOT-02 502-64
AY1-0T7 A10-35 C01-03 DO -06 S03-01
A02-26 A10-41 D01-08 P02-03 SOk-01
AO2-55 A10-L4h DO1-13 P02-08 Sok-03
A02-61 A10-59 DO1-16 P02-10 SOk-0l
A02-67 A10-62 DO1-67 PO2-11 S05-06
AO2-T2 S05-09
, SO7-05

ALT, COUPONS ARE TO BE REMOVED FROM THE FOLLOWING ZONES:

PO2  (11)

P03 (8)

so7 (k)
ESTIMATION POINT 6
(Sec. 5.0, Oper. 60) Date: , 19 . TIME:
To Be Removed For Assay:
AO03-0L A06-22 BO3-01 DO1-59
AOk-19 A06-27 DOL-15 DO1-6k4
AOL-23 BO1-09 DOL-26 D06-05
AO5-Ck B01-19 TOL-k46 DO6-08




CMTM STERILIZATION PROGRAM July 1967
SADL, ASSEMBLY OPERATION COUPON REMOVAL, SCHEDULE

ESTIMATION POINT 7

(sec. 6.0 Oper. 30) Date: , 19 . TIME:
AOL-02 A02-27 A11-16 DO1-62 MO3-03
Aol-27 A02-63 A11-18 D02-02 MOL-01
A0L-29 A02-T3 A11-k49 D02-06 MO4-03
AO1-32 A02-90 A11-52 D02-09 Mok -05
AO1-51 A03-03 All-57 DO2-1k4 MOL4-0T
AO1-62 A03-30 Al1-63 DO2-15 MOL-09
AO1-75 AOL-0OT A11-70 DO2-22 MO5-01
A01-8T7 AOk-16 Al1-76 D02-25 RO1-02
A01-98 A05-17 , A11-79 D02-29
AX1-25 A05-18 A11-86 DO2-31 RO2-01
Ax1-26 A06-23 A12-05 D02-37 RO2-02
AX1-56 A10-01 A12-08 DO2-42 RO2-06
AX1-T5 A10-21 A13-02 D02-50 Ro3-0k
AX1-87 A10-22 A16-09 DO2-54 R0O3-05
AX1-96 Al10-L2 BOL-06 D02-60 R03-08
AY1-0k4 A10-65 DOL1-02 DO2-62 RO3-15
A02-02 A10-69 DO1-03 DO6-09 802-15
A02-05 A10-T1 DO1-30 DOT-03 502-30
A0O2-13 A10-Th DOL-L2 DOT7-05 S02-39
A02-20 A10-T9 DO1-61 MO2-0k S02-48
A02-23 A10-80 S02-51
Al1-02 S02-63
sok-1k
S05-13
AL, COUPONS ARE TO BE REMOVED FROM THE FOLLOWING ZONES:
A03- (20) Mo2 (4)
Aok (22) MO3 (2)
A0S  (22) Mok (5)
A6 (21) MO5 (1)
Al0  (63) ROl (2)
A1l (60) RO2 (3
A2 (6) s02  (43)
A3 (8) sok  (6)
Al6  (8) s05  (10)
BOL  (11) RO3- (10)
DOL  (5T)
D02  (23)
D06 (L)



Page 5 of §

CMIM STERILIZATION PROGRAM July 1967

SADL ASSEMBLY OPERATION COUPON REMOWAI, SCHEDULE

ESTIMATION POINT 8
(Sec. 8.0, Oper. 20) Date: , 19 . TIME:

To Be Removed For Assay:

CO1-01 U01-03 Uol-1k
CO1-0k4 U01-0k U01-18
U02-01

ALL COUPONS ARE TO BE REMOVED FROM THE FOLLOWING ZONES:

Uol  (13)

Uo2 (k)

colr (1)
ESTIMATION POINT 9.
(Sec. 9.0, Oper. 10) Date: , 19 . TIME:
To Be Removed For Assay:
A01-09 AX1-28 A02-58 co2-24 C05-06
A01-20 AX1-32 A02-59 cok~06 C05-10
A01-26 AX1-37 A02-80 cok-07 C05-11
AO1-35 AX1-69 A02-96 cok-10 C05-13
AO1-41 AX1-78 C02-02 coL-12 C05-18
A01-55 AX1-85 C02-03 COL4-03 C05-21
AO1-57 AX1-92 C02-04 cok-15 Cc05-24
A01-58 AY1-01 C02-06 cok-18 C05-28
AO1-59 AY1-05 C02-09 Ccok-22
AO01-61 A02-08 C02-10 cok-25
AQ1-T2 A02-09 Cco2-11 cok-27
A01-90 A02-10 co2-12 cok-29
AX1-14 AO2-12 C02-18 cok-30
A¥1-19 AO2-41 C02-19 C05-01
AX1-20 A02-5k C02-23 C0O5-0L

ALL COUPONS ARE TO BE REMOVED FROM THE FOLLOWING ZONES:

AOl, AX1, A¥1 (131)
A02, AX2 (69)
co2 (12)
col (183
cos (20

c-7/Cc-8




APPENDIX D

POST QUARANTINE COUPON REMOVAL SCHEDULE
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CMIM STERTILIZATION PROGRAM

POST QUARANTINE COUPON REMOVAL SCHEDULE

Date:

s 19

TIME:

July 1967

AFTER THE QUARANTINE PERIOD, THE FOLLOWING COWPONS ARE TO BE REMOVED FOR ASSAY:

A01-03
AO1-28
A01-30
A01-33
A01-52
A01-60
A01-T6
A01-86
A01-99
AX1-23
AX1-27
AX1-58
AX1-76
AX1-88
AX1-97
AY1-03
A02-03
A02-06
AO2-1k4
A02-21
AO2-24

A02-29
A02-6M
A02-T5
A02-91
A03-05
A03-29
AOL-08
AOk-15
A05-16
A05-19
A06-21
A10-02
A10-20
A10-23
A10-43
A10-66
A10-70
A10-72
A10-T5
A10-78
A10-81

Al1-01
Al1-15
A11-19
A11-50
A11-53
A11-58
A11-64
A11-69
A11-T77
A11-80
A11-87
A12-06
A12-07
A13-0k
A16-10
B0O1-05
DO1-01
DO1-0k
DO1-31
DO1-43
DO1-60

D-3/D-4

DO1-63
D02-01
D02-03
D02-07
DO2-11
D02-12
D02-17
D02-20
D02-21
D02-23
D02-26
DO2-36
DO2-45
DO2-L47
D0O2-51
D02-56
D02-58
D02-6k
DOH-12
M02-05
MO3-02

Mok-02
MOk -0k
MOk-06
Mok-08
MO4-10
MO5-02
RO1-03
RO2-03
RO2-0k4
R0O2-05
R03-02
R03-06
R03-09
RO3-1k
S02-16
S02-31
502-40
S02-46
S02-50
S02-62
SoLk-13
S05-1k



APPENDIX E

DISPOSITION OF COUPONS

ON THE CMIM SURFACES
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-

CMTM STERILIZATION PROGRAM

DISPOSITION OF COUPONS CODE: 1 = To be removed during assembly Estimation Point *
1, and assayed.
d = Dummy coupon, to be removed but not assayed.

Page 1 of 1 Qd = To be removec,l after the quarantine period, and
assayed. To be a dummy coupon if there is no
quarantine period.

AO1-01 © | A01-29 ™| A01-57 © | A01-85 = |Ax1-13 © |axa-k1 © AX1-69 O | AX1-97 &
o2 0 & 58 O 86 & i o w2 70 © 98”j
3 3| 31 7| 59 o o | 15" R A 99
oh 3 60 & g8 " 16 ° Ly 72 © | Ay1-00 ™
05 " 33 8’ 61 < 89 © 17 © 14.5 rd 73 M 01 &

6 ° 3 ° 62 90 7 18" 46 74 o2

0
Le]
o7 35 7 63 ™ o1 ® 19 % W7 75 = 03 & |
0 ° %6 6 " % 20 O 4 © 76 & ol -
o9 * 31 " 65 " 93 21 wo Tl g7 = 05 O
10 38 o 66 ° 9l 22 50 © 78 o | 06 *
3 39 61 " 95 ™ 23 & 51 ™ 79 ° o7 "
1 7 bo 68 © 9% © o " 52 go * 08
13 ° R S T 53| & O 09
w bp © 70 © 98 = 26 s © g ° 10°
15 ° 43 71 ° 99 & 27 S 55 83 ° | ace-01 ° -
o] o\ (o) o] M~ -
16 Ly 72 AX1-00 © 28 56 8l 02 .
—~ " o o o
17 Ls 73 o1 ° 29 © 57 1 85 03 <
18'6 W © 7hrd 02 © 3ord 588’ g on
S ~
9 " by 75 03 ° 31 59 9| & 05
o)
20 > 8 © 76 & ok © 32 > 60 © 88 < 068
o o J =
21 b9 | 77 05 3 61 ~| 89 o7
22” 50 © 78rd 06 © 3,l+rd 62 © 9od 08 ™
- o — =
23 51 79 o7 ® 35 63 °| a1 = 09 >
o o] ™ Lo} =
ol 52 < 80 08 © 36 64 © RS 10 &
25m 53 © 81 " 09 " 37 & 65 © 93 © 11 ©
- -
26 ” 54 © g2 © 10 © 38 66 © o 12 O
o~ e} Le] Lo} — )
27 55 83 1 - 39 67 95 13 ™
o o ™ L M~ o
28 @ 56 gy © 12 ho 68 % W &




CMTM STERTLIZATION PROGRAM )

DISPOSITION OF COUPONS CODE: 1 = To be removed during Estimation Point
1, and assayed.
Page 2 of 7 d = Dumy coupon, to be removed but not assayed.
Qd = To be removed after the quarantine period,
and assayed. To be a dummy coupon if there
is no quarantine period.
o o o = |
A02-15 A02-43 A02-T1 A2-99 | p03-19 © | aok-17 < | A05-13 AO6-11
™ Lol mn Lo} Lol -
16 Lh T2 AX2-00 20 18 © 14 12
Lo}
17 bs o 73~ o1 © 21 © 19 *© 15 © 13
o]
18 © 4 (Y oo © op © o0 © 16 <4 1
19 © v 75 & o3 @ 23 21 17 = 15
20 ™ L8 76 0 o o 2k o 22 o 18 & 16
o,
01 © b9 © ™ o5 © 25 23 0 19 & 17
o o 0" e e G
22 © 50 78 06 26 2k 20 18
_ 23~ 51 79 " o7~ 27 = 5 )] 21 ® 19
2k F 52 o 8o < 08 o 28 26 o 20 o 20
25 53 O 81 " |p03-01 © 29 & o7 © 23 © 21
26 " sk O 82 02 ™ 30 & 28 oy © 22
o7 ™ 55 0 83 03 ™ |agh- 01 © 29 o5 23
o] e
29 & 57 © 85 05 < 03 © 31 © o7 © 25
30 © 58 o 86 o 06 o o 32 o o8 ™ 26
31 © 59 & 87 © o7 " 05 | A05-01 29 © 27
32 © 60 © 88 ™ 08 © 06 © 02 © 30 ° o8
33 © 6L 89 09 © o7 © 03 ° |po6-01 29
e}
3y 2 9 10 © 08 © ok 0 oo © 30
o]
35 63 a < 11 09 © 05 = 03 | a07-01
% b F 2 12 9 10 © 06 © o © 02
37 © 65 © 93 © 13 ° 11 o7 o5 © 03
38 © 66 o o 12 © o8 © 06 | A09-01
Le] [ o] =
39 ° 67 % " 15 13 09 o7 © 02
bo 6B % ™ 16 © 1 10 ° 8 03
41 o 69 © g 7 - 15 & 11 o9 | at0-o1
o ™ 70 © 8 ° 18 o 16 = 12 o 10 ° 02




CMIM STERILIZATION PROGRAM

CODE: -1 = Tobe removed durillg REstimation Point
DISPOSITION OF CCUPONS 1, and assayed.
d = Dummy coupon, to be removed but not assayed.
Qd = To be removed, after the quarantine period
and assayed. To be a dummy coupon if there
is no guarantine period.

Page 3 of T

A10-03n| A10-31 " | A10-59 » A10-87 © | A11-25 © | A11.53% A11-81 © A13-09™
ol 32 60 88 ™ 26 sy | g = 10 ©
05 33 ° 61 89 © 27 557 83 © 11 ©
06° 3 o 62 90 28 < 56 gL 12 ©
07" 35 " 63 < |a11-01 g 29 © s7~| g5 © |m6.01
08 % 6 o 02 30 © 58S 86 -~ 02
09 37 © 65 ™~ 03 ™ 31 ™ 59 87 I 03
10 8 66 3 ob 32 60 88 ob
11, 39 © 67 05 © 33 © 61 89 o 05
12w W 68 © 06 34 © 62 9 v06 o
137 yp 69 or 35 © 63 |A12-01 o7 =
14 o 0 & 08 % ™ 64 & o ™ 08 =
15- b3 Z 7L 09 © 37 65" 03 09
16" by 0 72 & 10 38 6°| o | 108
17" hs 73 % 1 " 39 © 67" 05 i |BO1-01 o
18 b6 ™~ 12 < o 68 © 6 & 02
19 N 5 8 13 " 69| o1 &| 03
208 148 © 7% < i o © 70“ 08 i~ ok
o1~ b9 7 o 15 o y3 ™ " 09 05
20— 50 © 78 S 16 1~ Ly o 72“ 10 < 06~
23@ 51 « 79 ~ 17 45 < 73@ A13-01 a o7 =
2l 52 | ¢ 80 = 18 - b ATl e T 08w
25d 53 ™ 81 o 19 S L7 o 75 03 09 ‘0
261 T 82 20 48 76 = o g 10 ™
2T 55 83 21 @ b9 78| 05 ° 11
28 s6 ™ 8y | 22 50 & 8ol 06 ™| 12w
29"6 §7 —~ 85 Lol 23 kel 51 L] 79F 07 Le] 13 Lo}
30° 58 _° 86 " 2l 52 " 80| 8 " 1 °




CMITM STERILIZATION PROGRAM

DISPOSITION OF COUPONS .1 = To be remp"ed giuring Estimation Point
1, and assayed.
Page 4 of 7 d = Dummy coupon, to be removed but not assayed
Qd = To be removed after the quarantine period,
and assayed. To be a dummy coupon if there
| is no quarantine period. _
01-15 C02-13 CO4-17 c05-18 | po1-13 ““[poi-41 | D01-69 T [D0O2-13
16 14 18 16 © 1 o 70 © 14
17 15 19 17 o 15 \0 b & 71 = 15
18 16 20 18 o 16 4, T 70 © 16
19 17 21 19 © 17 © b O 73 © 17
20 18 22 20 18 ® 46 © 7, © 18
B02-01 19 23 21 o 19 yy o 75 o 19
02 20 24 22 oo ™ u 76 © 00
03 21 25 23 = 5] © bg 77 © o1 (
oL 22 26 2] o op 50 78 © o
B03-01 23 27 25 = 03 ™ 51 © 79 03
02 2k 28 26 ol 50 T 8o © ol
CO1-01 cok-01 29 27T o5 53 T 81 © 25
02 02 30 28 o 0g \O 5 O go < 26
03 03 Co5-81 29 o 27 e 55 O 83 e 27
oL oL 02 .30 o o8 56 gy © o8 B
C02-01 05 03 Dol-01 3 29 57 | pop-01 & 29
02 06 ok 02 30 ™ 58 © o2 = 30
03 o7 05 03 ~ 31 & 59 0 03 & 31
ok 08 06 oh P2 ™ 60 & oh R
05 09 o7 o5 © 33 © 6L ™ 05 33
06 10 08 06 " 3 62| o6 ™| 3k
07 11 09 07 35 63. & 07 & 35
08 12 10 og 36 = gy ° 08 ™ 36
2 13 H 09 ® 37 © 65 © 09 & 37
10 1k 12 10 © 38 © 6 T 10 © 38
11 15 13 11 ™ 39 ™ 67 1 & 39
12 16 14 12 © L0 o 68 12 g uoﬁ




CMIM STERILIZATION PROGRAM

ettt

DISPOSITION OF COUPONS CODE: .1 = To be removed during Estimation Point
1, .end assayed.
Page 5 of 7 d = Dummy coupon, to be removed but r.mt assz'iyed.
e e Qd = To be remaved, after the quarantine period,
and assayed. To be a dummy coupon if there
is no quarantine period.
po2-41 Ypoe-69  “Ipok-27  ®lpok-ss  ©lpor-or  ~|1op-03  lros-on “l103.29 "
ko & 70 ) 28 o 56 T 02 w ok o 02 30 ©
43 “|pok-01 @ ® 29 T 57 © 03 & 05 63 MO1-01
By © o2 el 30 Le] 58 Lol obh ™ 06 el o o2 ©
Ls g 03 ° 31 © 59 05 & o7 ™ 05 03 ©
w6 oh © 3 60 © 06 » 08 = 06 MO2-01 —
W 3 05 o 33 - - o7 09 o 07 o2 ©
48 % © 3 "l e | 08 ™ 10 o g 03 ©
49 o o7 3B 63 09 m 1 09 | oh t~
50 o8 % 6l 10 o 12 © 10 05 &
51 & 09 | 37 o 65 oD09-01 'O 13 4 1 06 ©
52 ] 10 © 8 6 9 02 b o 127 ©iMo3-01
53 1" 39 © 67 | 03 © 15 | 13 2 g
54t~ 12 © o o 68 o 16 4 1k 03 &
55 = 13 ° by 69 o 05 o 17 o 15 Mok-01
56 1 b o 70 o 06 18 16 23
57 o 15l 43 oipos-or o 07 ~| 19 _| 17 03 &
58 & 16 ° By 2 © 08 ® 20 18 ol &
59 o 17 ks 03 Y 09 © 21 o 19 05 &
60| 18 ®| w6 | o 7| 1w °| 22 °| 06 "~
61 » 19 © yy 05 ‘°|101-01 23 21 o7 ™
62 20 © ug 06 © o2 oh 22 08 &
63 ™ o1 49 © o7 03 25 ™ 23 09 =
6l 22 © 50 © 08 \° o 26 ok 108
65 23 51 © 09 05 ™ 27 ™ 25 M05-01
66 o 2k 'Ub 50 © 16 ik 06 © 28 o 26 02
67 o 25 © 53 11 F|102-01 " 29 27
68 0 26 sh© 1 & 02 30 28




CMIM STERILIZATION PROGRAM

CODE: 3.1 = To be removed during Estimation Point
DISPOSITION OF COUPONS 1, end assayed.
d = Dummy coupon, to be removed but not assayed.
Page 6 Of 7 Qd = To be removed, after the quarantine period
and assayed. To be a dummy coupon if there
is no quarantine period.

P02-01 © [p03-09  ©|R0O3-12 = [S02-17 s02-45 © | S04-07 © | 506-05 « |s08-19 -
02 © 0w 13 18 ° b6 & 08 06 20 -
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APPENDIX G

ILIUSTRATIONS OF COUPON LOCATIONS
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PART 5

THE DEVELOPMENT OF PROCEDURES NECESSARY FOR

VERIFYING STERILITY OF THE ASSEMBLED CMTM

5-1/5-2




INTRODUCTION

The objective of this task is to provide certified evidence that the
CMIM and the inner surface of the sterilization canister are sterile
within the limits set forth by NASA. This planetary quarantine require-
ment states that the probability of a single viable organism being upon
a spacecraft intended for penetration of the Martian atmosphere, of for
landing upon Mars, shall be less than one in 10'u(1). To verify that
this requirement has been met, the total microbial burden on the CMTM
Just prior to terminal sterilization will be estimated by utilizing the
burden prediction procedures used in previous sub-tasks. Also to be
considered in arriving at a microbial burden estimate will be Q. A. and
other appropriate documents and records. This microbial load includes
internal, surface, and occluded microorganisms. The CMTM is then sealed
in its sterilization canister and exposed to a terminal heat steriliza-
tion cycle for that time necessary to sterilize the CMIM to the required
probability level. The terminal heat process will decrease the microbial
burden by an n number of D values (dependent upon temperature and length

of process) to furnish the required degree of sterility.

The thermal profile of the CMIM and canister will be monitored by thermo-
couples during terminal sterilization. The resulting data obtained from
the thermocouples will be automatically recorded on strip charts (Honey-
well recorder). All procedures concerning CMTM terminal sterilization
will be documented and verified under the supervision of Quality Assur-

ance personnel.




1T,

The effect of the thermal process on the microbial burden can best be
determined by an actual examination of a chemical reaction that is

rate controlled by a catalyst. There are a number of excellent examples;
however, one example will be sufficient to illustrate that the method is
practicable. By the static chemical indicator method, Quality Assurance
and Microbiology can establish that the thermocouple data is verified in

terms of a chemical reaction necessary to support biological systems.

APPROACH

The method adopted to verify sterility of the CMIM can be essentially
divided into three parts, which include:
1. Estimation of the microbial burden on the assembled CMIM.
2. Derivation of a terminal sterilization cycle.

3. Verification of the terminal sterilization cycle.

The methods and procedures to be used for estimating the microbial

burden on the CMTM prior to terminal sterilization are discussed in

Part 4. Utilizing these methods, a microbial burden estimate for the
various CMIM zones can be obtained and the distribution of the micro-
organisms known. A terminal sterilization cycle may therefore be
calculated which considers the effects of microbial distribution upon

the total process time required by apportioning the probability of
survival to each distribution zone and establishing a terminal steriliza-
tion cycle which will effectively sterilize the (thermelly) most inacces-
sible zone. The sterilization cycle utilizing dry-sterile Nitrogen

will be monitored with thermocouples and other instruments as deemed

necessary. 5_4




Thermocouples placed on the CMIM can verify that the CM™ was exposed
to the minimum D values (a "D" during the length of time necessary to
reduce the microbial burden by 90%) at the thermocouple location sites

only necessary to guarantee sterility to the desired probability.

Thermocouples will be mounted on the CMIM and joined by means of leads

to an umbilical connector plate. The umbilical connector plate will

then be connected to strip chart recorders by means of a special harness.
The entire process will be monitored by Q. A. who will verify the calibra-

tion of the thermocouples and recorders,
The chemical indicator method, presented in Appendix l, is a feasible

verification reaction to put thermocouple verification data in terms of

microbiology.
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The thirty-nine thermocouples to be placed on the CMIM are
located as follows:
1. 8 thermocouples on the canister as described:
a. One on the external apex and one on the internal apex.
b. One on the X axis and on the -X axis 1-1/2" up from the
lip of the canister.
c. One on the interior and one on the exterior of the canister.
40" from the bottom lip of the canister on the X axis.
d. One on the exterior and one on the interior of the

canister 37" from the bottom lip of the canister on the X axis

2. 3 Thermocouples on the Aeroshell as described below:
a. One on the internal section 40" from the bottom 1lip of

the Aeroshell on the X axis.

3. 2 Thermocouples on the de-orbit motor per instructions:
a. One on the X axis 15" down from the connector ring
inside of motor.
b. One on the -X axis 15" down from the connector ring inside
of motor.
¢. One thermocouple on the ring that connects the motor to

the cone at the -X axis.

L, 2 Thermocouples on the Attitude Control Tank.
a. One on each of the control tanks as follows:
Measure from X to -X axis, then measure from Y to -Y axis
and place the thermocouple where the lines cross!
5. L Thermocouples on the bays as follows:
a. One on Bay 2 module (6A27) area (JL).
b. One on Bay 3 module (6A27) area (JL).

5-6



10.

¢. One on Bay 5 module (6AT7) area (JL).

d. One on Bay T module (6A6) area (JL).

L Thermocouples on the Parachute Canister:
a&. One on the X axis 8" down from the top edge of canister.
b. One on the-X axis 8" down from the top edge of canister.

c. One on the bottom of the canister in direct center.

d. One on the surface of the tank 8" down from top edge.

2 Thermocouples on the antenna as follows:
&. One on the antenna 8" from the edge of the antenna
toward the center, on the X axis on the bottom of the

antenna.

b. One in the inside Probe of the antenna.

L Thermocouples on the bays 2, 3, 5, 7T outside surface as

follows:

&. Measure from the top edge to the center of the bay
which is 10", then measure from the side edge to center
which is 9". Place one thermocouple on each of the

four bays 2, 3, 5 and 7.

8 Thermocouples in the balsa wood impact limiter.

1 Thermocouple in the parachute canister.



In this manner the thermal profile of the CMIM can be established.

With this knowledge (the thermal profile on the craft, the microbial

load and its distribution, and the characteristics of the heating

medium) it is possible to derive a terminal sterilization cycle

tailored for the CMTM. Three alternate approaches to the derivation

of a terminal cycle have been considered and include:

1.

A dry heat terminal sterilization cycle for the CMTM with
consideration of the distribution of the microbial load,
but without integration on the lethality achieved during

heat up and cool down of the CMTM.

Seme as (3) with the exception that the CMIM impact limiter
and parachute canister are exposed to a sterilization cycle
prior to CMIM assembly and terminal sterilization. This pre-
terminal cycle need only be for the time and temperature
period necessary fo sterilize the internal contamination of
the impact limiter and parachute canister, plus the additional
D values necessary to achie?e the required probability of
sterility. It has Seen estimated that the balsa wood impact
limiter has an internal contamination of 2.6 x lOS. Thus,

any sterilization process encompassing a minimum of 6 D values
will insure the internal sterility of the impact limiter. 1In
a similar manner it would take a minimum sterilizatioﬁ cycle

of 7 D values at the most heat-resistant point to insure

5-8




sterility of the interior material of the parachute canister
(2.8 x 106 microorganisms), plus the additional D values to
achieve the required probability of sterility if heat up and
cool down lethality and distribution of the microbial load is

not considered.

3. A dry heat terminal sterilization cyclé for the CM™ which
considers the effects of both distribution of the CMTM
microbial load and the lethality achieved during heat up

and cool down.

The CMIM biological load estimates were based upon literature surveys

and best engineering Jjudgement. No biological assays were conducted,
If the final terminal sterilization cycle for the CMTM is to be calculated
with consideration for the distribution of the microbial load but without
integration of the lethality achieved during heat up and cool down, it
becomes necessary to find that zone which requires the maximum prqcess
time to sterilize. For purposes of discussion we have chosen a D value

of 3.5 hours at 125°C and a Z value of 25%., Using these values and the
microbial load estimates derived in Task 11b, a series of hypothetical
calculations can be made. For instance, if the interior core of the balsa
wood impact limiter does in fact turn out to be the most refractory

zone then the terminal cycle would be based upon this zone. It has

beeh estimated that the impact limiter core (382 in3) contains

2.1 x 103 microorganisms. Thus, the terminal sterilization cycle for

the assembled CM™ would be equal to the time necessary to heat this

zone to 125°C, plus 14.0 (4 x 3.50 hours to reduce microbial burden

by 4 D's) plus the values D necessary to échieve the required probability
5-9




of sterility. This approach is probasbly most unacceptable of the
three approaches discussed since the electronic components (and other
exposed elements) would receive about 414 hours of 125°C heat. This
estimate is based on a heat-up time of 200 hours for the impact
limiter, a sterilization cycle of 14.0 hours, and a cool-down time

of 200 hours(z).

If the approach of integrating the lethality during heat up and cool
down is used, then the total process time is reduced significantly.
This is primarily based upon the fact that all CMTM subassemblies are
exposed to varying degrees of lethality during the period necessary to
heat the most heat-resistant point of the CMTM to any terminal
sterilization temperature. For example, if we again use the interior
core of the balsa wood impect limiter as the most heat-resistant point
in the capsule and assume the following constraints (inner core =
382 in3 and population density of 2.1 x 103 microorganisms), it would
take an estimated 200 hours to heat the innermost part of this sphere
to 125°C. The calculation was made by JPL and assumes:

1. The surface of the impact limiter (glass cloth and resin)

reaches 257°F instantaneously and remains at this temperature

for the duration of the analysis.

2. The balsa wood thermal properties were taken as: density -
o
7.5 lbs/ft3, thermal conductivity - 0.0275 BTU/hr-ft - F;

and Cp = 0.3 BTU/1b - °F.

3. The glue which holds the balsa wood blocks together has a

negligible effect on the heat transfer properties.

4.  The initial temperature of the block was +70°F.
5-10




However, it can be seen that after 120 hours (approx.) the innermost
sphere has been exposed to sufficient D values to assure sterility and
it remains necessary only to heat the total CMTM assembly for that
further amount of time to insure sterility to the desired level (see

Table 5-1).

By pre-sterilizing the interiors of the parachute canister and of.the
iﬁpact limiter it can be seen that the total process time can be further
reduced. Again, using the burden estimates derived in Part 2, we can
see that the total microbial load of the CMIM after assembly is sub-
stantially reduced if the interior microbial load of the impact

limiter and parachute canister are reduced by a pre-terminal steriliza-

tion cycle.

Utilizing the forementioned approach, it can now be assumed that the
CMIM zone requiring the maximum sterilization process time is not the
impact limiter or parachute camister. Tt may, for discussion purposes,
be an interior zone of one of the electronic bays. Arbitrarily, the
interior (conformal coating) of the data encoder system has been
selected as the zone now requiring the maximum sterilization process
time. The total process time to sterilize this zone will be dependent
upon the thermal characteristics of this particular zone and those of
the heating medium. Similar calculations to those previously discussed
can be used in deriving the appropriate terminal sterilization cycle.,

It has been estimated that this zone contains 6 x 103 microorganisms.

Assuming the terminal sterilization process has been suitably adapted
to the heat transfer characteristics of the CMTM subassemblies, the

internal and external sterility of the CMEM may be guaranteed to the
5-11




TEMPERATURE - °F
T OuTER
TIME, RADIUS RADIUS RADIUS  {RADIUS RADIUS | CENTER
HOURS 22.5" 18.0" 13.5" 9.0" L. s" R=0
4
0 257 70 70 70 70 70
10 | 257 152 102 80 72 71
20 257 189 1hh 111 9l 89 ‘
30 ° 257 211 174 1hh 126 120
Lo 257 22k 196 172 157 151
50 257 233 213 194 182 178
60 257 239 22k 210 201 198
70 257 oL 233 226 215 213
80 257 ol7 239 231 226 224 ) Apprﬁ
90 257 250 olh 238 234 233 g +0
100 257 252 oL 243 240 239 3
110 257 253 2kg 2Lé oLy olhy 3
120 257 25k 251 2kg 248 L7 %
130 257 255 253 251 250 250
1ko 257 256 254 253 252 251
150 257 256 25k 25k 253 253
160 257 256 255 254 25k 254
170 257 256 255 255 255 25k
180 257 256 256 255 255 255
190 257 257 256 256 255 255
200 257 257 257 256 256 256 }
TABLE 5-1

COMPUTED TEMPERATURES AS A FUNCTION OF TIME AT
SIX RADIAL LOCATIONS IN THE IMPACT LIMITER
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ITT,

the required probability as set forth in the NASA planetary quantita-

tive specifications.

CONCLUSIONS,

By utilizing the three-fold approach of (a) burden determination,
(b) application of terminal heat sterilization and (c) monitoring
and verifying the heating process, sterilization within NASA Planetary

Quarantine guide lines could be obtained.

RECOMMENDATIONS.

It is possible to verify sterilization of the CMIM by at least two
different methods; one is a dynamic approach with recording thermo-
couples, and the second is a static approach with chemical reactions

controlled by inherent catalysts in microorganisms.

It is recommended that both the dynemic and static methods be utilized.
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APPENDIX 1

STUDY OF A CHEMICAL INDICATOR AS AN INDEX
OF

THERMAL MICROBIAL KILL
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INTRODUCTION

The objective of this study was to examine enzyme systems which might
Be useful as chemical indicators for the thermal destruction of
bacterial spores. The enzyme or enzymes (if proved satisfactory)
might then accompany hardware during thermal sterilization and be

used as additional means of verifying sterilization.
Enzymes are protein or catalysts which can alter biochemical reac-
tions, as for example:

H O Catalase, 2 H.O + 0
22 (Enzyme) 7 2 2

The reaction (degradation of peroxide) in the presence of a specific
amount of catalase will proceed at a specific velocity to produce a
specific amouﬁt of H20 and O2 in a given environment. If the amount of
active enzyme is reduced the velocity of the reaction will be reduced.
Thus, by determining the product formed and the time of formation,'an

index of active enzyme present can be obtained.

Enzymes, as previously stated, are proteins which lose their catalytic
activity when denatured. Since heat is a denaturing agent, it was
decided to examine the thermal inactivation of an enzyme and thermal
kill of bacterial spores to see if a relationship between enzyme
inactivation and spore kill exists. It should be noted that s major
portion of thermal microbial kill mechanism is involved with enzyme
and cell protein denaturation.
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II. EXPERIMENTAL PLAN

A. Three enzymes (in a dry, powdered state) were screened for their
stability to dry heat at 125° Cc (acid phosphatase, alkaline

phosphatase, and ribonuclease).

B. Of the three enzymes screened, alkaline phosphatase was found to
“ be the most satisfactory for our experimental needs, and thus

was chosen for further investigation.2

c. Thermal resistance studies of Bacillus globigii at 125o C for

different periods of time were conducted in parallel with the

enzyme inactivation study.

D. The alkaline phosphatase reaction utilized was as follows:
Alkaline
Phosphatase
p-nitrophenyl phosphate Y p-nitrophenol and phosphate
pH 10.4

; 1. The degree of enzyme inactivation was followed by the rate of
formation of p-nitrophenol2’3'using a Cary 14 recording

spectrophotometer.

E. The enzyme inactivation curve weas compared to that of the B. globigii

thermal inactive curve.

III. MATERTALS AND METHODS

A. Preparation of Reagents for the Alkaline Phosphatese Reaction.

5-18




1.

3.

Alkaline Buffer
Dissolve 0.750 grams of glycine in approximately 75 ml. H20.
Add 8.5 ml. of 1N NaOH and adjust the volume to 100 ml., with

distilled H,0. (Yields a pH of 10.l4 when "read" with a PH

meter.)

P -nitrophenol Standard Solution

Dissolve 0.0695 grams of p-nitrophencl in H20 and adjust the

volume to 100 ml. with distilled H,0. (1 ml = SiM)

P -nitrophenol Working Standard
Place 2 ml. of the standard solution in a 50 ml, volumetric

flask and adjust to 50 ml, with distilled H,0. (1ml= 0.24(M)

0.4% Disodium p-nitrophenyl Phosphate Solution.
Dissolve 0.4 grams of disodium pP-nitrophenyl phosphate in

Dry Heat Inactivation Procedure for Alkaline Phosphatase

" Five mg. samples of dry, powdered alkaline phosphatase

(sigma Bio-chemical Co.) were placed in 50 ml. covered
beakers containing thermocouples (previously calibrated).
The thermocouple was placed directly in the powdered alkaline

phosphatase and temperatures "resd".

The enzyme was heated to 12500 as indiceted by the thermo-

couple readings.

Enzyme samples were heated for 1 hr., 4 hrs., 12 hrs.,

16 hrs., 20 hrs., 24 hrs., 40 hrs., end 64 hrs.
5-19




4, The comeup time to reach 1250 C was 30 minutes. The "come

up time" reeding was added to each of the time values,

C. Dry Heat Kill Procedure for Bacillus globigii Spores

1. The procedure used was that described in "Determination
of the Heat Resistance of Microbial Isolates from the EASL,
AVCO Document #AVSSD-O148-67-CR, Reorder #67-116 with the
following exception. The heating time was extended to 1 hr.,

4 hrs., 8 hrs., and 12 hrs.

D. Method of Assaying Enzymatic Activity
1. A standard curve of p-nitrophenol was prepared using the

following reagents and volumes.

Working Standard of H,O (ml) | 10% NaOH M p-nitrophenol

p-nitrophenol (ml) (m1) . (m1)
0.0 4,0 1.0 0.00
0.1 3.9 - 1.0 0.02
0.2 3.8 1.0 0.0k
0.3 3.7 1.0 0.06
0.4 3.6 1.0 0.08
0.5 3.5 1.0 0.10
0.6 3.k 1.0 0.12
0.7 3.3 1.0 0.14
0.8 3.2 1.0 0.16

See Figure 5-1 for Standard Curve

*
A4 M = micro moles
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TABLE 5-2

Standard Calibration Curve For

P-Nitrophenol at 4000 %

Optical Path HZO p-Nitrophenol 109 4M p-Nitrophenol
Density Length (cm) (m1) Working Std. (ml.) y NaOH (ml.)
0.000 1.0 4.0 0.0 1.0 0.00
0.150 1.0 3.9° 0.1 1.0 0.02
0.280 1.0 3.8 0.2 1.0 0.0k
0.450 1.0 3.7 0.3 1.0 0.06
0.610 1.0 3.6 p.h 1.0 | 0.08
0.725 1.0 3.5 0.5 1.0 0.10
0.910 1.0 3.4 0.6 1.0 0.12
1.066 1.0 3.3 0.7 1.0 0.1k
1.202 1.0 3.2 0.8 1.0 0.16

5-21




Figure 51 Standard Curve- Moles Concentration

of p-Nitrophenol Per M1l for Acid and
Alkaline Phosphatase Reaction
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n.

Assay Reaction Required to Evaluate Enzymatic Activity

a.) Add 1.5 ml. of alkaline buffer to a test tube.

b.) Add 1.0 ml, of distilled water to "a".

c.) Dissolve weighed powder form of alkaline phosphate
(heat treated) to 1.5 ml. of substrate (p-nitrophenol

phosphate) and allow reaction to proceed for 5 minutes.

d.) Add 1.0 ml. of 10% NeOH to stop the reaction, elevate
the pH and produce the yellow color of p-nitrophenol.

e.) Determine the resultent optical density of the p-nitro-
phenol at the alkaline pH in a spectrophotometer (Cary
14 was used) at 4000 8 . See Table 5-2 and Figure 5-1

for the values and Standard Curve for p-nitrophenol.

f.) Compare optical densities of product produced from
heat treated with Standard Curve to obtain M M/ml of

p-nitrophenol.

g.) Prepare plot of enzyme activity (\KM/ml p-nitro-

phenol obtained) versus time enzyme heated at 125o C.

h.) Extend experiment until infinite inactivetion of
enzyme is established. (This is point where continued
time at the given temperature does not cause further

reduction of the enzyme activity.)

RESULTS

1.

Of the three enzymes examined, alkaline phosphatase, acid phos-

phatasé and ribonuclease, alkaline bhosphatase was selected for
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the model enzyme reaction.

2. Table 5>~ 3lists the units of alkaline phosphatase activity obtained
after heating the enzyme from O to 6k hrs. at 125° c.

3. Figure>2is a‘plot of the values obtained from Table 5-3

4, TFigures.3is the curve obtained when Bacillus globigii spores

were heated from O to 60 minutes at 125° C.

DISCUSSION
The enzyme slkaline phosphetase has a significant degree of thermal
stability which makes it a candidate as a chemical indicator of dry

heat sterilization.

When comparing the curves of B. globigii spore heat inactivation and
alkaline phosphatase inactivation it can be seen that there is a

diréct reduction of spore viebility and enzyme activity as the heating
process progresses. Thus, it might be possible from a micrbbiological
monitoring standpoint, to use packaged quantities of enzyme to accompany

the hardware as it goes through the dry heat sterilization cycle.

The smount of enzyme in the spore‘must be correlated with the amount
of dry enzyme powder to establish a correlation of.thermal spore kill
to enzyme heat denaturation in the dry powdered state. To be a useful
indicator, the dry powdered enzyme must be thermally inactivated at

a slower rate than the spore to which it is being correlated.

As can be'seen from Figure5-2,the alkaline phosphatase reaches its infinite
denaturation value between 4 and 12 hrs. of exposure to dry heat at 125° C.
This factor would limit the value of the enzyme as a chemical indicator of
dry heat sterilization. The degradation rate of the enzyme activity might

be adjusted: by the use of an inert carrier added to the powered enzyme.
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TABLE 5-3

Alkaline Phosphatase Activity Determined at 4000 & After
Exposure to 1250 C for Varying ILengths of Time

Crmge | e | e | S e o
at 125" ¢
0 0.725 0.005 200 0.099 19.6
1 0.500 0.605 200 0.063 12,6
L 0.165 0.005 200 0.021 | L 2
12 0.130 0.050 20 0.017 0.3k
16 0.220 0.100 ~ 10 0.030 0.3 .
20 ©0.230 0.100 | 10 0.031 0.3
Lo 0.245 0.100 10 0.033 0.3
6k 0.220 0.100 10 0.030 0.3
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Figure 5-3 Heat Resistance of B. globigii
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VI.

A carrier which would be chemically inert, thermo-stabile, and water
insoluble would be ideal. Compounds such as talc, titanium dioxide,
silicon dioxide, or aluminum oxide in a dry, finely powdered state
would meet these requirements. The addition of a carrier may possibly
act as a protective material and thus slow the denaturing effects of

the heat. By varying the ratio of enzyme to carrier, it might be

possible to obtain a preparation which would reach its infinite denatur-

ation value after 16, 18, 20 or more hours exposure to dry heat. The

value of such a preparation, or series of preparations as a dry heat

sterilization indicator is obvious.

The problem of removing the carrier from the enzyme could be handled
quite easily by either filtration or centrifugation. Since the enzyme
is water soluble and the carrier insoluble, all one would have to do
would be to suspend the preparation in alkaline squeous buffer and
then filter or centrifuge to remove the carrier. The clear filtrate

would then be available for the colormetric assay of enzyme activity.

CONCLUSIONS

1. The enzyme alkaline phosphatase shows promise for use as a

chemical dry heat sterilization indicator.
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VII. RECOMMENDATIONS

l.

Continue experimentation using alkaline phosphatase as s possible

indicator of dry heeat sterilization.

a.) Investigate the different types of carriers that might be
used with the enzyme to increase the time needed for enzyme

infinite inactivation at 125° C.

b.) Investigate the different ratios of enzyme to carrier so

as to obtain a tightly controlled system.
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II.

INTRODUCTION

The main effort in this task was to investigate and identify techniques
which would guarantee the integrity of the sterilization canister in

which the sterilized oMM was sealed.

Procedures which might be used to detect leaks, holes s Or cracks in

the canister would be investigated.

APPROACHES CONSIDERED

A major constraint of this study was the fact that the sterilization
canister was designed with s breathing systeml having a HEPA filter at
its outlet for out-gassing and pressure relief, This design mode
precluded the adoption of methods that might be otherwise used on
flight hardware. (The canister has a known lesk rate.) Thus, the
solutions to the Problem would require a system or device which would

allow for the breathing process. ‘
A. Present Possible Approaches to the Problem

Three approaches were considered. They include:

1. Use of Constant Pressurization with Sterile Dry Nitrogen

a. Tile steriliz?d canister (containing the sterile CcMTM)
| is connected to a sterile Nitrogen source with an in-
line pressure gauged system. Nitrogen is then "bled"

into the canister through a HEPA by means of a her-
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metically segaled sterile line at a rate as to insure that

there is no backflow.

b. When smbient temperature hss been stteined, a cap is
placed tightly over the outside housing for the HEPA
filter.* The cap will reduce the lesk rate of the HEPA
filter outlet, thus reducing the known leak rate signifi-

cantly.

c. The canister is then pressured with sterile nitrogen to

the maximum level obtainable (0.5 psi minimum).

a. The lesk rate for the canister and the HEPA filters, as
previously mentioned. will be determined and the amount
" of nitrogen necessary to maintein & given positive pres-

sure differentiagl per unit time estabilished.

e. By using & cap to seal off the HEPA filter and the addi-
tion of sterile dry nitrogen, a reduction in the leak Trate
or loss of nitrogen pressure can be maintained snd moni-

tored with adequate sensitivity.

f. The loss of pressure cen be monitored by means of pressure
g‘ﬁges. If an abnormal drop in pressure id observed, it
can be inferred that a hole, or & cracking of the canister
has occurred. However, as long as & certain minimum

~positive pressure, yet to be determined, is maintained in

the canister, the CMIM will remain sterile.

* On the "Breathing System"
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PART 6

DEVELOPMENT AND EVALUATION OF

PROCEDURES NECESSARY TO MONITOR THE STERILIZED CMTM
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g. This epproach is the one recommended for the present

solution to the sterility monitoring problem.

2. Use of a Cover Plate and Valving System to Close off the

Bresthing System,

a. Thie approach would require the design of an sdapter and
velving system which could be welded over the breathing

system of the canister.

b. The cenister would be placed in the terminal sterilization
oven and heated. The hot gases would then leave the

canister via the breathing system and valve system.

c. The valve would be closed when the canister reached
ambient temperature and pressure, either menually or by

servo mechanism,

d. The atmosphere of fhe canister could have helium edded

vhich could be monitored for leaks with a leak detector.

e: This system was considered unaccepteble for the following

reasons:

1.) The questionable reliability of the valve system in

preventing leakage and possible microbial contamination.

3. Double Bagging of the Canister

a. The sterilization canister would be placed inside of
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twvo bags. The inner bag (next to the cenister) would
have a degree of stretch and the outer bag would fit
loosely over the inner bag. The bagged cenister would
then be placed in the Terminal Sterilization Oven and
heated. As the ges in the CMTM expands snd leaves the
canister via the breathing system, the inner bag would
inflate and‘press tightly against the outer bag. As
the CMTM and canister cooled, the gas would contract

and the inflatable inner bag would collepse.

The system could be monitored with a leak detector for

helium.

(Note: Helium could be added to the atmosphere of the
canister end/or CMTM.)

The outer bag could be & laminate of mylar, aluminum
and polyethylene films. The inner bag might be mede of

a synthetic rubber as chloroprene or some related compound.

This approach was considered unsatisfactory for the

following reasons:
1.) Possibility of tearé or holes in the bagging material.

2.) Problems of sesling the bags to be slr-tight and

humidity-proof.
3.) Effects of 125°C on the bagging materials.

L.) Problems of removing the bags for post-sterilization

hendling.
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B. Future Possible Approach to the Problem of Sterility Monitoring

The most direct approech to meet the objective of this study would
require the redesign and the fabrication of new sterilization
canister, (The redesign and fabrication of a new CMIM was not

feasible in Phase II,)

A new sterilirzation canister could be so designed that it

N might be hermetically sealed, or welded shut. The canlister, in-
addition, might have a pressure relief system thet could relieve
the pressure buildup due to the terminal sterilization process,
The addition of a gas (to the canister) such as an inert gas, or
mercaptan could then be used to monitor leaks or holes. The
presence of leaks or holes could then serve as an indication of
possible microbial contamination. The inert gas could be detected
by the use of e leak-detecting device. If a merceptan were used,
‘'its presence could be detected by the use of gas chromatogrephy or
by "sniffing". 'The average person can detect the presence of

mercaptans by smell in approximately 10-20 parts per million 1e§el.

III. RECOMMENDATIONS

1. For the futpre, it is suggested that a redesign of the sterilization
canister be undertaken to implement the hermetically sealed concept

of sterilirzation monitoring.
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PART 7
PROPOSED MICROBIOLOGICAL ORGANIZATION FOR

CMTM ASSEMBLY OPERATIONS
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IT.

INTRODUCTION

In response to the task statement requirement, a microbiological
organizational structure necessary to implement and operate the

microbiological monitoring and assay of the CMTM is proposed.

This organizational plan includes the interrelationship between the
Microbiological, Quality Assurance, Assembly and Facility personnel.
In eddition, the responsibilities and authority of each group is

delineated.

PHILOSOPHY OF APPROACH

In developing a rationale to define the relative roles of the four
technical groups in the sterilization assembly of a capsule, the

following approach was employed.

In the case of non-sterile spacecraft assembly and test operations,

the responsibility for on-time completion of the capsule assembly

rests with an operations managér and his supporting staff., The
disciplines of assembly, test, facility operations, and quality
assurance in turn, and time phasing, play roles of prime responsibility
for performance'to the operations manager. To wit, the Assembly Group~
is responsible for the successive assemblies of sub~assemblies, a

test, or system test group, as required, performs the'necessary sub-

system and system tests at defined points in the assembly sequence,
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The Facilities Group supports all groups, providing utility, handling
and shelter readiness functions throughout fhe assembly process.
Furthermore, the éuality Assurance Group performs an overall monitoring
function throughout the process, to verify that all requirements have

been met.

No mention has been made of the function of the Design Engineering
Group in the above, although, at this time in a development program,
the role of design engineering is primarily, or should be, that of
support to the project office in the resolution of problems or discrep-
ancies that are attributed to design deficiencies. It is assumed that
at the time assembly of a flight vehicle is initiated, that (a) the
"design" has been completely defined by asppropriate sﬁecifications and
drawings, and (b) a proof test model, or models, of the vehicle has
been fabricated to preliminary specifications and drawings, tested,

evaluated, and "design freeze" accomplished.

The present consideration of planetary quarantine and resulting
requireménts for decontaminated, if not sterile, assembly operations
introduces.many new operating restraints and controls on the assembly,
facility, test, and quality assurance disciplines. An entirely new set

of plans and procedures which factor in these new constraints must be
generated. Obviously, then, it follows, that an "Assembly and Test

Plan" must result, which integrates the microbiological control oper-
ation into the conventional Assembly and Test Plan dealing with mechanical
egsembly and test procedures only.
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IIT,

The integrated Assembly and Test Plan, in format, would resemble the
present "CMIM Ass;ambly and Disassembly Plan" but, in addition, would
incorporate eppropriate microbiological operations related to moni-
toring and assay, including the quaiity assurance surveillance of these
operations and, additionally, the Facilities Group support. Such a
plan for CMTM assembly purposes would be implemented under the

detailed supervision, or direction, of the Assembly Group.

The responsibility for the integration of the microbiological control
operation into the Assembly and Test Plan rests with the Microbiological
Group. The ultimate responsibility for on-time completion of all
operations connected with the CMIM Assembly and Test Plan rests with

the Project Manager; however, once the Assembly and Test Plan is
developed, approved, and released, the Assembly Group Manager will

be designated as responsible to 'the Project Manager for scheduling,
detail planning, and supervision of day-to-day operations in accordance
with the Plan., Deviations from the Plan will not be permitted without

the approval of the Project Manager.

MICROBIOLOGICAL ORGANIZATION

The Microbiological Organization or Group is an integral part of the
AVCO operation at J.P,I. as shown in Figure‘ T-1. Figure 7-2 graphically
demonstrates the relationships between the Asseml;iy Group, the
Microbiology Group, the Quality Assurance Group, and tﬁe Facilities

Group for the CMIM Assembly Program. Figure 7-3 presents the structure
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of the Microbiology Group for the performance of the microbiological

aspects of the CMIM Assembly Program.

RESPONSIBILITIES AND AUTHORITY OF THE DISCIPLINES FOR THE CMTM ASSEMBLY

PROGRAM
A, Microbiology
1. Plan and execute the biological assay program for the CMIM

Assembly Program.

Monitor and support the activities of the Assembly Group
and Facilities Group which have a microbiological impact

on the CMIM Assembly Program.
Establish and operate the microbiology laboratory.

Supply bioassayers for sample taking and monitoring.
a.) Bioassayers to remove samples and prepare them for

culture (place in sterile containers, etc.),.

'b.) Bioassayers to take samples of CMIM and SADL Facility,

Observe the CMIM assembly process for biological impact, -

Report observations to the task supervisor.

Assay SADL Facility, biocoupons, tools, equipment, supplies

and personnel for biological burden.
a.) Culture samples for burden

b.) Count colonies
" 7-6




Project

Manager
Adminis-
trator
Quality Facilities Assembly Micro-
Assurance Group Group Biology
Group Group
Mansger Manager Manager Manager

, Figure 7-1 - Organization Chart for the

AVCO Operation at J.P.L.
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B.

c¢.) Record data

d.) Reduce data

e.) Evaluate data

7. Run biological control systems,

8. Prepare reports on the results of the bioassay and general
observations,

9. The Bio-group manager will be a member of the CRB, the
Contamination Review Board.

Facilities

1. Operate the SADL Facility.

2. Facility support when and where needed for the CMTM Assembly
Program.

3. Operate the ETO Decontamination Chamber

i, Operate the Terminal Heat Sterilization Chamber.

5. Decontaminate the necessary tools, equipment and supplies
for the CMIM Assembly Program.

6. Maintain all equipment items in the Bio-laboratory.
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Supply "trouble shooting" for the facility and facility

items.

Monitor physical paramaters of the SADL Facility and

Bio-laboratory areas.

9. The Facilities manager shall be a member of the CRB.

Assembly

1. Prepare the Assembly and Test Plan.

2. Schedule the CMTM assembly.

3. Perform the CMIM assemblies, disassemblies, cleaning, ete.,
per the Plan.

4, Supervise all activity in connection with the CMTM assembly.

5. The manager of the Assembly Group is a member of the CRB,

Quality Assurance

1,

Quality Assurance shall monitor all incoming supplies, parts,
equipment and devices as specified in the QA plan. (sADL
Quality Assurance Program Plen, AVCO Document #AVSSD-0129-
67-CR. )

QA shall monitor the CMIM assembly process for mechanical,
assembly and biological requirements as specified in the

QA plan,
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QA shall monitor the measurement of SADL facility, physlcel

and biological parameters as specified in the QA plen.

QA shall monitor the biological assay procedures as specified

in the QA plan.

QA shall monitor and sign off on the certification of the

SADL Facility.
QA shall log all observations and findings.

QA shall report‘théir observations to the program manager
and the managers of the various groups (Microbiology,

Facilities, and Assembly).

QA shall report deviations or violations of procedures to
the project manager, and manager or managers of the groups
associated with or responsible for the deviations and
institute a CRB (Contamination Review Board) meeting or a
MRB (Material Review Board) meeting as required per the

QA plean.

The QA manager shall be the chairmsn of the CRB and the

MRB.

a.) Contamination Review Board and Msterial Review Board.
The members of the Contamination Review Board and the
Materials Review Board shall be the managers of the
Facility Group, Assembly Group, Microbiology Group,

Quality Assurence Group, the Project Manager, and a

7-12




JPL representative a.nd/or representatives as deemed
neéessary. As previously stated, the manager of
the Quality Assurance Group shall be the chairman
of the CRB and the MRB. The authority and the
Jurisdiction of both of these boards are cited

in the SADL Quality Assurance Progrem Plan, AVCO

Document #AVSSD-0129-67-CR, Reorder #67-103.

b.) The CRB and the MRB are the means for acting upon
and correcting contamination and material problems

which might arise during the CMTM Assembly Progrem.

Project Manager

1. The Project Manager has overall responsibility and authority

for the CMTM Assembly Progrem,

2. The Project Manager delegates his authority to the manager of
Assembly for the direction and supervision of the CMIM

Assembly Program matters as he deems necessary.

3. The project manager will attend and chair weekly progress

and information meetings concerning the CMTM Assembly Program,

a.) Those pafhicipating in the meeting will be the managers
of Facilities, Microbiology, Assemblies s Quality

Assurance and others as required.

7-13/7-14




